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ABSTRACT

This report documents the computer program FIRES-T3 (Flre REsponse
of Structures - Thermal - Three-Dimensional Version). The program
evaluates the temperature distribution history of general three-dimensional
solids or composites such as reinforced concrete subjected to fire envi-
ronments. There are also options for two-dimensional and one-dimensional
heat flow analyses. FIRES-T3 is based on a finite element formulation
which considers the temperature dependence of thermal properties and
the nonlinearities inherent in modeling the fire boundary condition. The
finite element formulation, the idealization of the fire boundary condi-
tion, and the general numerical approach used in the program are
discussed. Included in the report are appendices that provide input
instructions for FIRES-T3, sample problems with listings of their input
and output, and a complete Fortran listing of the computer program.






TABLE OF CONTENTS

ABSTRACT

TABLE OF CONTENTS

1. INTRODUCTION

2. THERMAL MODEL AND SOLUTION PROCEDURE

2.1 Heat Flow Equations

2.2 Finite Element Matrix Equations
2.3 Conductivity Matrix [K]

2.4 Heat Capacity Matrix [C] .

2.5 External Heat Flow Vector {Q}

2.6 Time Integration of Matrix Equations .

3. COMMENTARY

ACKNOWLEDGEMENTS

REFERENCES

APPENDIX A - Input Instructions
APPENDIX B - Sample Problems
APPENDIX C - Listing of FIRES - T3

vi

ii

W NN

20
21
24

35
38
39
A-1
B-1
C-1






1. INTRODUCTION

This report presents FIRES-T3, a computer program for the Flre
REsponse of Structures - Thermal - Three-Dimensional Version, which
evaluates the temperature distribution history of structures in fire
environments. There are options for fully three-dimensional solids,
two-dimensional cross-sections, and structures in which heat flow is
one-dimensional. The program also permits the use of one-, two-, and
three-dimensional elements together in the same structure. Structures
may consist of one material or may be composites such as reinforced
concrete. The temperature distributions generated by FIRES-T3 can be
used in conjunction with stress analysis programs such as FIRES-RC II
(a computer program for the response of Reinforced Concrete Frames [ 6 ])
or FIRES-SL (a computer program for the response of SLabs [ 7 ]), together
providing an overall capability of predicting the response of structures
subjected to fires.

The heat flow problem is modeled in FIRES-T3 by the heat conduc-
tion boundary value problem. These equations are nonlinear because of
the temperature dependence of the thermal properties of structural
materials and the heat transfer mechanisms associated with fire environ-
ments. The solution technique used in FIRE-T3 is a finite element
method coupled with time step integration. This general approach has
been presented in the work of Wilson [10,11] and Zienkiewicz [12,13] and
extended to the fire situation by Bizri [ 3 ]. The nonlinearity of the
problem requires an iterative solution process within each step. The
element library includes isoparametric 8-node hexahedra and 4-node tetra-
hedra for three-dimensional solids, 4-node isoparametric quadrilaterals
and triangles for two-dimensional modeling, and 2-node isoparametric bar
- elements for one-dimensional problems. Fire environments are represented
by a Tinear model or a nonlinear model that includes both convective
and radiative mechanisms.

In the report, the theoretical model and solution techniques are
derived, the organization of the computer program is explained, and a
commentary on practical aspects of using the program is made. The
appendices contain fully annotated input instructions, sample problems
with input and output, and a Fortran listing of the program.
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2. THERMAL MODEL AND SOLUTION PROCEDURE

2.1 Heat Flow Equations

Three dimensional heat flow is governed by the following partial
differential equation:

oC BTLX, Y, Z, Q - _g_;(_ (K 3T(X, Y 2, t)) + _a__ (K aT(Xs Yy Z, t)) +

P ot ax oy y
3 T(x, v, z, t)
55 (K 2 ) + Qo ¥s 25 t) (2.1)
where
Xy ¥y Z - spatial coordinates
t - time

T(x, y, z, t) temperature distribution history

0 - density (temperature- and space-dependent)

Cp - specific heat (temperature- and space-dependent)

K - isotropic conductivity (temperature- and space-
dependent)

Qexo . - internal heat generation rate (time- and space-
dependent)

An integral part of the above equation is its boundary conditions and
initial conditions. The initial conditions consist of the temperature
of every point in the structure when the analysis begins, i.e.,

T(x, ys z, t)) = T (x, ¥, 2) (2.2)
where the temperature distribution TO is specified. Boundary conditions
must be defined at every point on the structure's surface and can be a
specified temperature history or a specified heat flow history. The
solution to the heat flow problem is the internal temperature history



that satisfies the field equations (2.1), the initial conditions (2.2),
and the prescribed boundary conditions.

For the special case of two-dimensional heat flow, the governing
equations are

T s . T s 2 ¢ [y [ 7
pcpa(xatz t) %;(Ka__(z_é%m}lhgy(.&ﬂ%x_tlpq (x, y, t) (2.3)

exo

with appropriate boundary conditions and initial conditions defined over a
two-dimensional area.

One-dimensional heat flow is governed by the equation

aT(x, t oT t
o, Tl - 2 (B tly 4 ot 1) (2.4)

Boundary conditions are defined by specifying a flow rate or temperature
at each end of the one-dimensional domain.

2.2 Finite Element Matrix Equations

The heat flow equations for two- and three-dimensional bodies
described above are very complex and in almost all cases have no closed-
form solution; approximate numerical methods must be used in order to
obtain a solution. In program FIRES-T3, a finite element method
discretizes spacial variables and a step-by-step integration technigue
discretizes the time variable. The advantages of the finite element
method are numerous. The method is completely general with respect to
geometry and material properties; complex shapes composed of different
materials (e.g. a reinforced concrete structure) are easily represented.
Nonlinearity of material and boundary conditions can be treated by the
finite element method quite economically. Most numerical methods
convert the continuous governing differential or integral equations of
heat transfer to a set of linear algebraic equations. However, in the
finite element method, the linear equations produce a symmetric
positive-definite matrix in banded form which is readily solved with a
minimum of computer storage and time.



In the finite element method, the continuum over which Eq. (2.1) or
Eq. (2.3) is defined is discretized into a finite number of elements connected
at nodal points. The complex partial differential equation is trans-
formed into a system of simultaneous first order differential equations,
one at each node. This transformation is effected element by element as
explained in the next three sections. The system of nodal equations is
then solved by step-by-step integration over the time domain, as explained
in Section 2.6.

The finite element equations can be visualized physically as nodal
heat balance equations. That is, at each node in the discretization,

s +q =¢® (2.5)
where

QS = vrate at which heat is stored within the elements
adjacent to node; in steady state conditions, this
term is zerc at all nodes

Q1 = rate of internal heat transfer by conduction in the
elements adjacent to the node

Qe = rate at which heat enters the node from an external
source

or, in matrix form,

[c] (T} +[K] {7} = {Q) (2.6)
where

[C] = Capacity matrix
(temperature-dependent)

[K] = Conductivity matrix
(temperature-dependent)

{Q} = External heat flow vector
(depends on exothermic reactions and fire boundary
conditions)

{T} = Temperature vector

(time-dependent)




{T} = Temperature time rate of change vector
(time-dependent)

The derivation of the three terms of this equation (conductivity matrix,
capacity matrix, and heat flow vector) are discussed in the next three
sections.

2.3 Conductivity Matrix [K]

The terms of the conductivity matrix are associated with the rate
of heat flow from the elements adjacent to each node. The conductivity
matrix for the system being analyzed, K, is assembled from element
conductivity matrices, Km. That is:

_K_ =
m

it 1=

] Kn (2.7)

where m is the element number and M is the total number of elements.
The development of the conductivity matrices for three-dimensional,
two-dimensional, and one-dimensional isoparametric finite elements is
presented below. Three-dimensional elements can be used only for a
three-dimensional analysis. Two-dimensional elements can be used in a
two-dimensional analysis or as a component in a three-dimensional
analysis. The one-dimensional elements can be used in conjunction with
two- and three-dimensional elements in a multidimensional analysis or
by themselves to model one-dimensional heat flow.

2.3.1 Three-Dimensional Isoparametric Element

This element is called isoparametric because the geometry of the
element and the assumed temperature distribution within the element
are described in terms of the same ("iso").parameters (or shape functions)
and are of the same order (linear in this case).

An eight node three-dimensional isoparametric element is shown
in Fig. 2.1. The natural coordinates (x, y, z) of the eight corner
nodes are (+1, 1, *+1). A natural coordinate system is a local system
which permits the specification of a point within the element by a set of



FIGURE 2.1 THREE-DIMENSIONAL ISOPARAMETRIC ELEMENT



dimensionless numbers whose magnitudes never exceed unity. This system

is usually arranged so that the natural coordinates have unit magnitude
at the nodal points of the element. Such a system simplifies the formula-
tion and facilitates the numerical integration which is required to
obtain element matrices. The symbols x, y, and z denote the global co-
ordinate axes. |

The temperature at any point within the element is expressed in the
natural coordinate system (X, ¥, z) in terms of the temperatures at nodes
1 to 8 by the following equation:

1]
Wt~ 00

T(X, ¥, z, t) Ho(x, ¥, 2) - T.(t) (2.8a)

i=1

or, in matrix form:

T(x, y, z, t) = < Hi > {Ti}

(2.8b)
1 x 1 1T x8 8x1
where
Hi(X, 5, 2) = g (LR3I +7 5000 +22,) (2.9)
(1inear interpolation function)
ii, yi, 2i - natural coordinates of node i (either 1 or -1)
Ti(t) - temperature of node i
< Hi > = < H] H2 . .. H8 >
{Ti} - column vector of nodal point temperatures

Similarly, the global coordinates of any point within the element
are related to the global coordinates of the nodal points by the following

equation:
X < Hi > 0 0 {xi}
y = 0 < Hi > 0 {yi} (2.10)
y4 0 0 < Hi > {zi}
I3 x1 3 x 24 24 x 1



where

{xi}T = <Xy Xg oo ... Xg >
fy ' = <y y Vg >
y_i 12'....8
T _
{zi} = <272y . ... .29

are the nodal point coordinates in global system.

When calculating the element conductivity matrix, an expression for
temperature gradient within the element is needed. Differentiation of
Eq. (2.8) with respect to spatial coordinates yields:

r N ~  9H.
aT i
3 <X
oH.
aT _ i -
J z S | ) [8] (T.} (2.11)
o7 My
L 92 ) L 9z J
3 x 1 3 x8 8 x 1

The spatial derivatives in the natural and global coordinate systems
are related by the following equation (using the chain rule of differ-

entiation).

- ~ - ~
3 9
8)—( oX
3 = [ < %j (2.12)
ay
3_ 3

\. ai J . 3z J

3 x 1 3 x 3 3 x 1



where

(]

Finally, using

[8]

.~

[J]

-

. . . 3

-

Xg

Yg

8 x 3

Eq. (2.12) in Eq. (2.11), one obtains

-

(317!
3 x3

AH.
3

P

oX

'()H_i

& ———

ay

B

—

Z

(2.13)

(2.14)

(2.15)



Using the virtual work principle, it can be shown that the element
conductivity matrix is given by [12]

K, = f B k. B dv (2.

— Vol. —
8x8 8x3 3x3 3x8

in which km is the material thermal conductivity tensor of the element.

For isotropic conductivity, the above equation reduces to

K= [ kB B v (2.
— Vol. m
8x8 8x3 3x8
Note that [12]
dv = dx-dy-dz = |[J] dX - dy - di (2.

where [J| is the Jacobian (determinant of [J]). By making a change in
coordinates to the natural coordinate system, Eq. (2.17) becomes:

_m
8x8 8x3 3x8

If km is constant throughout the element, the above integral reduces to

+1 41 A+ -
Em. ) km —1f -1f -1f f (x, y, z) dx dy dz (2.
8x8 8x8
where
f (x, ¥y, 2) = _1_3_1; B |J|
8x8 8x3 3x8

+1 41 ] T - = s
Kn = 9l 3/ 4]k, B B [J] dx dy dz (2.

16)

17)

18)

19)

20)



It is impractical to integrate expression (2.20) in closed form,
and approximate numerical integration methods must be used [11,12].
Although there are several numerical integration schemes available,
Gauss quadrature is used in FIRES-T3. Using Gauss' Formula, expression
(2.20) is evaluated as follows:

I J N
_]jr+] _'ljr+] __]jr+] _f_ {Ti(s .:Y.'s 2) d; d_; di’ = 15] JE] nE] ‘W‘_I WJ W'n _f_ ()_(13 S'Js %n)
8x8 8x8
(2.22)
where
I, J, N - number of integration points in directions
X, ¥s Z, respectively
X3 s 9j’ z, - coordinates of integration points
Wy, wj, W, - weight functions

Values of the coordinates and weight functions for various values of the

number of integration points are tabulated in Reference 12 and in other

texts on numerical methods. In FIRES-T3 the number of integration points
is taken equal to two in each direction, yielding a total of eight inte-

gration points within the element. That is:

and

W., Woo, W= 1,1,1

The computational scheme proceeds as follows. First, the spatial

derivatives of < H, > are evaluated at integration point (ii, ij, in).

11



Then these derivatives are used in Eq. (2.14), along with the known

global coordinates, (x], e s X8)’ (y], C e s y8) and (zq, . . ., 28)
of the element corners, to obtain the Jacobian matrix gjii, yj, En) at

point (ii, }j, in). This matrix is inverted and used in Eq. (2.15), along
n), to obtain the
matrix E(ii’ 9j’ En). Finally, the determinant of the Jacobian [g(ii, Qj, z

with the spatial derivatives of < H; > at point (ii, 9j’ z

n
is calculated and used together with E‘ii’ 9j, En) in Eq. (2.21) to obtain:

Equation (2.23) is evaluated at the eight integration points and added
in Eq. (2.22) to get a total value for the integral. Substitution into
Eq. (2.20) completes the derivation of element conductivity.

2.3.2 Two-Dimensional Isoparametric Element

The two-dimensional isoparametric element is very similar to the
three-dimensional element, so the derivation below is brief to avoid
redundancy.

A typical four node two-dimensional isoparametric element is shown
in Fig. 2.2. The natural coordinates (x, y) of the four corner nodes
are (+1, +1). Global coordinates are denoted by x and y.

The temperature at any point within the element is expressed in the
natural coordinate system (x, y) in terms of the temperatures at nodes
1 to 4 by the following equation:

4
T(x, ¥, t) = 7z Ho(x, y) © T4(t) (2.24a)
'I:
or, in matrix form
T(x, ¥y, t) = <H > {T.} (2.24b)
1T x 1 1 x4 4 x1

12



x|

ELEMENT

— 3y

FIGURE 2.2 TWO-DIMENSIONAL ISOPARAMETRIC ELEMENT

ELEMENT 3 X
=0 NoDE (D \ NODE (@
—&-- — +— *—- X
(x=-1; x=x,) (X=4"; x=x5,)
- x"fo
(X=0;x=— )
L =xz2 — X

FIGURE 2.3 ONE-DIMENSIONAL ISOPARAMETRIC ELEMENT
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where

- - 1 - - - - :
Hi (x5 ¥) = 7 O+ xx) (Vryy,) (2.25)
(1inear interpolation function)
ii, yi - natural coordinates of node i
(either 1 or -1)
Ti(t) - temperature of node i
< Hi > - < H1 H2 H3 H4 >
{ Ti } - column vector of nodal point temperatures

Similarly, the global coordinates of any point within the element
are related to the global coordinates of the nodal points by the follow-
ing equation:

X < Hi > 0 {xi}
y 0 < Hy > {y;} (2.26)
Z2x1 2 x 8 8 x 1
where
{x }T T < Xq Xy X, Xpg O
i 1 %2 7374
{}T=<yyyy>
Y 1727374

are the nodal point coordinates.

Differentiation of Eq. (2.24) with respect to spatial coordinates

yields:
ot M
X X
T - 3H {r:} = [B] {Ti} (2.27)
) i
Ay T
2 x 1 2 x 4 4 x 1



The relationship between spatial and natural derivatives is

3 3
- 9X
O
9 3 (2.28)
3y oy
2 x 1 2x2 2x1
where
- -
9x 93y
] X ox
LJ =
ax  dy (2.29)
RS
is the Jacobian matrix. From Eq. (2.26) it can be shown that
r nEE 7
BH] 8H2 3H3 3H4 x] y]
9X 9X X ox x2 y2
[31 = (2.30)
X X
2 x 2 BH1 8H2 8H3 BH4 3 3
Loy oy oy oy | & Ya]
2x4 4 x 2
Use of Eq. (2.28) in Eq. (2.27) yields
N ~
[ ah, [ om,
< -———l- > < -—1— >
ox -1 9%
[B] = = [J] (2.31)
8H1- BH_i
2x 4 < 5;—~> 2 x 2 <>
i § | oy
2 x 4 2 x4

The element conductivity matrix is given by

15



o T chﬂ. kp B B dv (2.32)
4x4 4x2 2x4

or integrating in the natural coordinate system

K = t f [ &k 8 B [J dx dj (2.33)
— 1 -
4x4 4x2 2x4
where
t - - thickness of element
1J] - - determinant of Jacobian

If km is constant throughout the element, the above integral reduces to

+] +1] _ )
K= kgt [ [ (X ) dkdy (2.34)
- -1 -1
4x4 4x4
where

- - B T

f (X, ¥) = B B }J] (2.35)

4x4 4x2 2x4

Numerical integration of Eq. (2.34) by 2-point Gauss quadrature gives the
following equation:

+1 +] o 2 2 o
[ fFhy)ddy = 5w f(x, ¥5) (2.36)
-1 -1 i=1 j=1
4x4 4x4
where
ii, §j - coordinates of integration points

either + /3/3 or -/3/3
16



The computational scheme is as follows. First, spatial derivatives of
< Hi > are evaluated at integration point (ii, yi). Then these derivatives
are used in Eq. (2.30), along with the known global coordinates, (x], Xo» X35 x4)
and (y1, Yor ¥Yg y4), of the element corners, to obtain the Jacobian matrix
g_(ii, &i) at the integration point (ii, ii). This matrix is inverted and
used in Eq. (2.31) along with the spatial derivatives of < Hi > at point
(ii, &i), to obtain the matrix §_(§i, &1). Finally, the determinant of
the Jacobian {g_(ii, §1)| is calculated and used together with g_(ii, &i)
in Eq. (2.35) to obtain

f (% ) B (ki 55) (K. 5]

i’ 5’) = B ()_(9

1 -1 (2.37)

4x4 4x2 2x4

Equation (2.37) is evaluated at the four integration points to determine the
total value of the integral in Eq. (2.36). Substitution into Eq. (2.34)
completes the formation of the two-dimensional element stiffness matrix.

2.3.3 One-Dimensional Isoparametric Element

A two node one-dimensional isoparametric element is shown in Fig. 2.3.
The natural coordinates, X, of the two nodes are +1. The x-axis represents
the global coordinate system for the element.

The temperature at any point within the element is expressed in the
natural coordinate system (x) in terms of the temperature at nodes 1 and 2
by the following equation:

2
T(x, t) = ) Hi(i) . Ti(t) (2.38a)
i=]
or in matrix form
T(x, t) = < H > (T}
(2.38b)
1x1 1x2 2x1
whére
- _ 1 - -
H; (%) = 5 (1 + x x;) (2.39)

(Tinear interpolation function)

17



-

1

Ti(t) - temperature of node i
< H_i > = < H] H2 >
{1.} - column vector of nodal point temperatures

j

X. - natural coordinates of node i (either 1 or -1)

Similarly, the global coordinate of any point within the element

~1s related to the global coordinates of the nodal points by the following

equation:
X = < Hi > {Xi}
1x1 1x2 2x1
where
T _
{X_i} - < x'[ X2 >

oH
oT i _
T S o= Bl T
1x2 2x1 1x2 2x]1

Similar ‘to the three-dimensional case, one obtains:

9 - 9X 9 _ J o
3X 3X  ax 3x
where
g = X
oX

is the Jacobian. From Eq. (2.40) it can easily be shown that:

18
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(2.41)

(2.42)

(2.43)
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where L is the length of the element.

Use of Eq. (2.42) in Eg. (2.41) yields:

OH oH,
s UG R I 4 1, o .11
[B]‘<5x‘> J R g L<7 72’ ‘T U’

Finally, the eiement conductivity matrix is given by:

-1

T -1 1

K B k B dv = [ &k <& > dv
- . L vol. T L L

1
2x2 2x1 1x1 1x2 L

Since in this case all the terms under the integration sign are

(2.44)

(2.45)

(2.46)

constant, there is no need for numerical integration and the integral

can be evaluated explicitly as follows:

1)
. f<-11> d
Ko kg T TS W
1 Vol.
K.L)
(1)
L
= —1] . -
= km< b Tm Lo AL
1
L
1 -1
k. - A

where A is the area of the cross-section of the element.

19
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2.4 Capacity Matrix [C]

The heat capacity associated with a node is the rate at which heat
is absorbed for a unit rate of change of the temperature of that node.
The capacity matrix is idealized through a system analogous to the Tumping
of mass in dynamic analysis. This approach has the important advantage of
resulting in a diagonal capacity matrix. This lumping is achieved by
delineating the volume adjacent to a node by a perimeter drawn through the
centroids of the surrounding elements. Thus, the volume tributary to a
node is found by adding a contribution from each element bounding the node,
calculated as follows:

A. Three-Dimensional Isoparametric Element

The contribution of an element, m, to a node, i, is given as :

e

Cm,i = gV o(T) Cp(T) (2.48)

where Vm is the volume of element adjacent to node 1.

B. Two-Dimensional Isoparametric Element

The contribution of an element, m, to a node, i, is given as:

Coi = —}vm p(T) €,(T) (2.49)

where Vm = t-A is the volume of element adjacent to node i. A is the area
and t is the thickness of the quadrilateral element.

C. One-Dimensional Isoparametric Element

The contribution of an element, m, to a node, i, is given as:

Coi = 7Y o) ¢ (M) (2.50)

where Vm = A-L is the volume of element adjacent to node i.

Therefore, the heat capacity of node i is

20



C . (2.51)

where

M - all elements adjacent to node i

Finally, the diagonal system capacity matrix C is assembled by repeating
the above calculation for each node.

2.5 External Heat Flow Vector {Q}

The external heat flow vector term in the matrix equations (2.6) can
be separated into its constituent parts as follows:

0 = QO tQ (2.52)

where

QF - heat flow caused by the exposure of the system
to an external source (e.g., a fire) on the
boundary

N - a prescribed heat flow on the boundary

QE - « heat flow from an exothermic reaction within
the system (e.g., concrete hydration, wood
combustion)
Each of these three terms is calculated individually in FIRES-T3 as follows:

A. Convection and Radiation Boundary Conditions

The term QF is considered a function of both convective and radiative
mechanisms. Fires normally affecting structures are here considered to
be those in a post-flashover phase, which leads to the assumption of a
uniform room temperature. The time-temperature relationship for a fire is
represented by the function Tf(t). It must realized that this tempera-
ture is at best a pseudo-representation of a very complex phenomenon.

The boundary of the system exposed to fire is assumed to be composed
of surfaces bounding adjacent nodes. Thus, the external heat flow for a
node can be represented by:

21




Q= Ap - alTg, T (2.53)

where
AF - tributary area for the node
q - rate of heat flow per unit area
TS - surface temperature
Tf - temperature of pseudo-fire

The value of QF for a surface node exposed to fire is assembled by
considering the contributions of surrounding surfaces.

The rate of heat flow can be modeled linearly or nonlinearly:

1. Linear heat transfer for fire:

q = (T )T -T,) (2.54)
where
h(T") - heat transfer coefficient
T! = (Tf + Ts)/2

2. Nonlinear heat transfer from fire:

N

- . 4 - 4
g = AT - Ts) +V O[aefﬁf eses] (2.55)
where
A - convection coefficient
N - convection power factor
v - radiation view factor
o - Stefan-Boltzmann constant
a - absorption of surface

22



Eg - emissivity of the flame associated with fire

ef - absolute temperature of fire
€g - surface emissivity
es - absolute temperature of surface

B. Prescribed Heat Flow Boundary Condition

In this case, the prescibed heat flow at the nodes at different times,
Qp, are input directly to the computer program FIRES-T3.

C. Internal Heat Generation due to Exothermic Reaction

The heat flow at each node due to internal heat generation, QE,
is assembled by considering the contribution of each element bounding the

node, i.e.,
M
_QE,i = § qm(V, t) Vm,i (2.56)
m=1
where
QE 3 = internal heat flow at node i
M = all elements adjacent to node i which generate
heat
qm(v, t) = heat generation per unit volume in element m
(time-dependent)
Vm j = portion of volume of element m that is tri-

butary to node i

= ——Vm for three-dimensional elements

Vm for two-dimensional elements

Vm for one-dimensional elements

In FIRES-T3, the heat rate function qm(v, t) is input directly. Cooling
is indicated by a negative sign.
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2.6 Time Integration of Matrix Equations

The unknown nodal temperature vector, {T}, in the matrix equation (2.6)
is a function of time, {T(t)}. Hence, this equation is actually a first
order differential equation in n dimensions and must be further discretized
by step-by-step integration. The continuous nodal temperature history
{T(t)} is represented by a finite sequence of temperature distributions
{T(to)}, {T(t))}, {T(t,)}, . . . By assuming that the variation of the
temperature with time is linear within each time step (Fig. 2.4), the
temperature rate of change {T} at any time t; can be approximated in terms of
nodal temperatures:

T(t)} = {70t - T(t;_q)¥/at, (2.57)

where At. is the time step between t. ; and t.. The differential equations
(2.6) can now be reduced to a set of Tinear algebraic equations in the
independent variab1e'{T(ti)}. There will be a set of equations for each
time tos i=1,2, .. ., and the step-by-step solution of each set

results in an approximation to the nodal temperature history {T(t)} and,
using Equations (2.8), (2.24) or (2.38), an approximation to the overall
temperature distribution history T(x, y, x, t), T(x, y, t) or T(x, t).

The accuracy of this finite element step-by-step integration approximation
increases with the number of elements and with the smallness of time steps.

To facilitate discussion of the solution scheme and the incorporation
of boundary conditions into the equations, let Eq. (2.6) be partitioned in
the following form:

r T e ™ f - ~N r ~N
Caa 0 <Ta(ti) + Kaa Kbb < Ta(ti) & - < Qa(ti) & (2.58)
0 1 Chp | [Tplty) Kpa | %bb | | To(ts) Q(t;)
L J . S L _J - J “ J
where
Ta - unknown nodal temperatures
Tb - known (prescribed) nodal temperatures
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T(t;)

T(t;-))

_ FIGURE 2.4 VARIATION OF TEMPERATURE WITH TIME WITHIN A TIME INCREMENT
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Q - known external nodal heat flow

Q - unknown nodal heat flow

Static condensation can be used to remove known temperature nodes from
the equations, resulting in:

[C,, 1 T, ()} + [K, 1T (¢} = Q¢ - DK, TT (¢)F  (2.59)

Substitution of Eq. (2.57) into Eq. (2.59) yields:

C
aa
I:Kaan * EE;J{Ta(ti)}

C
aa

or in compact form

where

[KIMT, ()} = (Q(e)y” (2.60b)
[K]* - effective conductivity matrix
{Q(ti)}* - effective heat flow vector

The nodal temperatures at ti’ T(ti), are found direct]y by solving the
above set of linear algebraic equations.

* *
Both K and Q can be functions of the current temperature Iﬁti),

since material properties and fire boundary conditions can be temperature-

dependent. There are two basic approaches that can be used to resolve
this problem.

1.

Use the temperature distribution from the previous time step,
I(t1_1)’ to calculate the necessary values and thus solve Eq. (2.60)
directly, or

Use an iterative solution technique that allows the necessary
variables to be continually revised on the basis of the current
solution.
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The type of numerical solution technique often used in solving linear
algebraic equations - i.e. triangularization of 5# and then the back sub-
stitution of gi in order to obtain I(ti) - offers an additional :ariation
on the previously mentioned options. It is possible to derive K on the
basis of the previous temperature distribution, triangularize Ei, and then,
with the use of an iterative technique, achieve a more accurate temperature
vector in the determination of gi, This separation into triangularization
and back substitution is ideal for use in simulating fire phenomena since
Q* is extremely sensitive to the surface temperature of the structure. The
effective conductivity matrix Ef_tends to be far less sensitive to tempera-
ture than Qi. FIRES-T3 contains the option of either solving the entire
problem (Ef_and gj) iteratively, or considering only the fire boundary
condition term (Qi) in the iteration.

To help accelerate convergence in the iterative processes, an over-
convergence factor, B, is used in estimating the temperature distribution
of the next iteration, j + 1.

e = T ve (e - TN (2.61)

Experience has shown that B should vary from -0.10 to -0.40 in the case
of the nonlinear fire condition. Convergence is achieved when the tempera-
ture distribution of two successive iterations coincide within a prescribed
Tevel of error expressed as

2+ | Te) - TNt |
| e+ ) |

< permissible error (2.62)

The step-by-step assembly and solution of Eq. (2.60) gradually traces
out the temperature history in the structure.

The structure of FIRES-T3 is shown in the following flow charts.
Fig. 2.5 shows the organization of the main subroutine (FIRES-T3) which
inputs the data describing the problem. The subroutine which controls
step-by-step integration (HEATFLO) is presented in Fig. 2.6.

An important feature of FIRES-T3 is that all system variables are
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START

Y

Input Program Heading

Y

Input Nodal Data
(NODE)

y

Input Element Data
(ELEMENT)

¥

Input Thermal Properties
(MATRIAL)

!

no Are Radiative and Convective yes
Mechanisms Active?

Y
Input Fire B.C.

Surface Properties
(FIREMAT)

Surface Geometry
(FIREBC)

.|

no ) yes
~4<Is There Internal Heat Generat1on?>>]

]

Input Heat Generation
(EXOFUN and EXOELS)

g

Input Convergence Data
(CONVERG)

Y

Solve Problem
(HEATFLO)

'

END

FIGURE 2.5 FLOW CHART FOR PROGRAM FIRES-T3
(Titles in Parenthesis are Names of Subroutines)
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Input'Current
Time Step Information

Y

Initialize System

/t |

Assume Temperature 0 Is Time Step yes
Distribution (T; = T;_4) Sequence Ended?
Form K(T ), Store in Calculate Internal
Array E' " (HCONDC) ® Heat Generation Vector Q
Store in Array B
Modify Arrays A and B |~ |
For the Boundary -
Conditions  (HATEMP) Form C(T.), Store in
Array Q (HCAP)
Modify A by Diagonal | J
Capacity Term 0Q/At
%1 Reduce A to Triangular
Form (MSYM?
no . . yes Form Capacity
»‘"‘*<: é;szg;slﬁgﬁaz};§; Contribution to Q and
Store in Array T2
* T2 =Q * Tf/At
J

B=B+T2and =8 [*

! >

Calculate Fire Load QF
and add to B

Solve For New T, (MSYM) je——o B =B+ 0 (FIRE)

v 1

yes Has T. Converged Estimate New T.
For F1re B.C.?

> Set B =1Q
‘"0 Has T Converqed Print Output if Desired
For System? (PROUT)

i Punch Quput if Desired
Estimate New T. (PUOUT)

FIGURE 2.6 FLOW CHART FOR SUBROUTINE HEATFLO ASSUMING FIRE
BOUNDARY CONDITIONS

(Titles in Parenthesis are Names of Program Subroutines)

29




dynamically dimensioned. That is, the amount of computer storage space
allotted for each variable is specified based on the size of the problem
being analyzed. The organization of this dynamic dimensioning scheme is
shown in Table 2.1.
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LE

ADDRESS

N1=

N2

N3

NDO

ND1

ND2

ND3

ND4

ND5

1

DIMENSION ARRAY
NUMNP X
NUMNP Y
NUMNP A
NUMNP KODE
NUMNP ID or D
NUMNP MA
NUMNP T
NUMNP T2
NUMNP T3

TABLE 2.1

\

CONTENTS

X-coordinates of nodes

Y-coordinates of nodes

Z-coordinates of nodes

Indicator for type of boundary
condition (Flow or Temperature)

Intermediate storage needed in
calculations

DYNAMICALLY DIMENSIONED STORAGE ALLOCATION FOR FIRES-T3




et

ADDRESS

N4

N5

N ]

N ——

N |

N8

N9

NIO —— |

NI ——

DIMENSION

2 * NEL1D
+ 4 * NEL2D
+ 8 * NEL3D

NUMEL

NEL1D

NELZD

NEL3D

6 * NMAT

NSTORE

NBCMAT

NSTORE

ARRAY

LM

MMTYPE

BAREA

THICK

VOLUME

MATL

XYS

MAT

FXYS

TABLE 2.1 (cont.)

CONTENTS

Nodal points of elements

Material types of elements

Cross-sectional areas of one-
dimensional elements

Thickness of two-dimensional elements
Volumes of three-dimensional elements
Control data for material properties
Storage for material properties

Control data for fire B.C. properties

Fire B. C. properties



€e

ADDRESS

DIMENSION

N12

NUMFBC

N13

NFBC2D + NFBC3D

N14

NFBC3D

N15

NFBC3D

N16

NUMFBC

N17

NUMFBC

N18

NUMFBC

N19

T® NFBCID + NFBC2D

N20

3 * NQINT

ARRAY

lr )

LJ

LK

LL

LMAT

LFIRE

ATJKL

LELEM

IEXO

TABLE 2.1 (cont.)

CONTENTS

Nodes bounding surface segments for
fire B.C.

Fire boundary type

Fire number

Area of surface segment

Element bounding surface segment

Control data for internal heat
generation curves
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ADDRESS DIMENSION ARRAY CONTENTS

N21 —_— NSTORE EXYS Internal heat generation curves

N22 ——T° NINT IEL Elements with internal heating

N23 ———T® NINT IMAT Heating curve for each element
le

N2 ——— |7 NINT VEL Volume of each element

N25 " NUMNP Q Heat flow vector

NZ26 NUMNP T Temperature vector

N27 —T®  NUMNP B Loading vector used in analysis

N28 ®  NUMEL AT Element temperatures

N29 ® NUMNP * NBAND » A Effective conductivity matrix

NTOTAL /

TABLE 2.1 (cont.)




3. COMMENTARY

FIRES-T3 and its predecessor FIRES-T have been used to solve a wide
variety of heat flow problems [4, 7]. Experience gained in these analyses
is drawn upon to present here a brief commentary on practical aspects of
using the program.

Few difficulties are encountered in thermal analyses governed by
specified temperature or heat flow boundary conditions. The principal
factors which determine the effective use of the program are the layout of
the finite element mesh and the selection of time-step intervals. On the
one hand both must be fine enough to properly model the thermal behavior of
the structure, and on the other as few elements as possible should be
used since computational effort increases roughly with the cube of the num-
ber of nodes. Also, nodes should be numbered in such a way as to minimize
the bandwidth of the resulting matrix equations. Time-step size can vary
during the time integration to most efficiently reflect the expected rate
of temperature change.

The heat flow problem is nonlinear whenever conductivity or heat capacity
are temperature-dependent. However, with models of thermal properties used
here this nonlinearity is negligible within a time step and adequate results
are obtained by a linearized analysis (number of iterations = 0), thereby
greatly reducing solution cost. When boundary conditions are linear,
convergence is effected in a few iterations with 1ittle likelihood of
instability. However, the fire boundary condition, including both conduction
and radiation terms, is highly nonlinear and in order to ensure convergence
of an iterative soiution the time step size must be kept quite small, since
numeric instability in the region of the fire surface can result when fire
temperatures are high. A higher-order nonlinear technique (such as MNewton-
Raphsen iteration) would improve stability and convergence rate of the
solution and may be incorporated into a future version of FIRES-T3. fver-
convergence factors also improve the stability of the nonlinear iteration
and are recommended when using the nonlinear fire boundary condition. When
divergence occurs at some time step in an analysis, it is best to shorten the
time step size for the remaining part of the analysis and restart the step-
by-step solution from the Tast converging time step. Therefore,
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whenever it is impossible to know a priori the time step sizes needed,
nodal temperatures should be punched at each time step in case a restart
is necessary. ’

The fire environment in FIRES-T3 is modeled through a pseudo-fire,
defined by a time-temperature curve, and the convective and radiative heat
flow terms in the fire boundary condition. The phenomena associated with
heat transfer in the turbulent environment of a firearedifficult to model
exactly. The possibility of including the temperature dependence of the
related parameters may be included, and the detailed temperature and flow
fields in a fire compartment may be modeled by subdividing the fire into
zones with different characteristics. In the pseudo-fire concept the
critical parameters appear to be the emissivity of both the flame and the
surface of the structural element. This assumes that at the temperatures
normally associated with fires, the radiative heat transfer mechanism
predominates. At present, a value of 0.9 is used for the emissivity of
concrete. The value of flame emissivity appears to be more uncertain with
potential values ranging from 0.3 to 0.9. Current work indicates a possible
dependency of the flame emissivity on the particular content of the flame,
which may vary qreatly from the controlled fire of a test furnace to that
of the uncontrolled environment of an actual fire. In addition, radiation
sources, compartment enclosure surfaces, may contribute to the overall
fire boundary condition problem.

The radiation component of heat transfer at a boundary of an element
exposed to fire depends on the spatial configuration of the enclosure, the
geometry of the element under consideration, and the emissivities of the
fire, the element surface, and the enclosure surface. For concrete structural
elements surrounded by fire the effective emissivity ¢ falls in the range
of 0.3 to 0.9 [9]. The radiation boundary condition in Equation (2.55) is
an attempt to represent the influence of the fire and the element surface
emissivities on the radiative heat transfer. This approximation is sensitive
to the selection of Cf and €g values. Unless it can be shown by comparison
with experimental data that this approximation give reliable results, it is
recommended that for concrete structures exposed to fire both values of

Eg and ¢_ where 0.5 < ¢ < 0.7 be replaced by effective emissivity €.

S
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The capability of modeling internal heat generation in FIRES-T3
introduces no numerical complications or sensitivities. This option
could be used to include the effects of internal combustion in a fire
analysis [5]. Also, it could solve a variety of other temperature problems
such as determining temperature rise in mass concrete due to hydration
of cement paste [4].
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HEADING CARD

GEOMETRIC DESCRIPTION

FIGURE A.1 TYPICAL INPUT DECK FOR FIRES-T3



I. HEADING CARD (6A10)

NOTE/ Begin each new data case with a heading card. To halt the program
insert two blank cards instead of a heading card.

II. NODAL DATA

A. Control Card (Alphanumeric)

NODES, N1, N2

note field variable entry
(1) NODES -- Enter the word "NODES"
N1 NUMNP Number of nodal points
N2 NTBC Number of nodal points with a specified

temperature boundary condition

NOTE/ This is an alphanumeric control card containing both a key word
(NODES) to identify the block of input data to follow and control
parameters (N1 and N2) for that block of data. Alphanumeric
control cards are left-justified with no blanks in the list. Note
the examples in Fig. A.1.

B. Nodal Cards (I5,3E10.0)

note columns variable entry
(1) 1-5 N Nodal point number
(2) 6-15 X(N) X-coordinate
16-25 Y(N) Y-coordinate
(3) 26-35 Z(N) Z-coordinate
NOTES/

(1) Nodal point cards must be in numerical sequence. If cards are
omitted, the missing nodes are generated at equal intervals
along a straight line between the bounding nodal! points.

(2) Nodal coordinates may be input using any system of units.
However, this same system must be used to define all other
input quantities that follow.

(3) In purely two-dimensional heat flow problems, leave the
Z-coordinate blank.
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C. Specified Temperature Nodes (16I5)

Omit this card if (N2) on the control card is zero

note columns variable entry
(1) 1-5 ID(1) Node number of first node in which
temperature is fixed as a boundary
condition
6-10 ID(2) Node number of second specified temper-
: ature node
(2) . ID(N2) Continue until all N2 nodes are input
NOTES/

(1)  Three types of boundary conditions are possible in FIRES-T3:
1) Temperature specified
2) Heat flow specified

3) Fire B.C.

If the first type of B.C. is to be used, all nodes with a
specified temperature must be identified on this card.
Actual temperatures are input later in Data Block IX. All
boundary nodes not specified here are assumed to have a
boundary condition of type 2 or type 3.

(2) Input 16 temperature nodes per card.

I1IT. ELEMENT DATA

A. Control Card (Alphanumeric)

ELEMENTS, N1, N2, N3
note field variable entry

(1) ELEMENTS -- Enter the word "ELEMENTS"
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(2) N1 NELID Number of one-dimensional elements

(3) N2 NEL2D Number of two-dimensional elements
(4) N3 NEL3D Number of three-dimensional elements
NOTES/

(1) This is an alphanumeric control card with key word (ELEMENTS)
and control parameters (N1, N2 and N3) as in Fig. A.1.

(2) Enter the total number of one-dimensional elements to be
used. If 1-D elements are not to be used, enter "0" as NI.

(3) Enter the number of two-dimensional elements. If 2-D elements
are not used, enter "0" as N2.

(4) Enter the number of three-dimensional elements. If 3-D elements
are not used, enter "0" as N3.

A single mesh may utilize all three of the above element types.

B. One-Dimensional Element Cards (415, F10.0)

Omit these cards if (N1) on the control card above is zero

note columns variable entry
(1) 1-5 NUM - Element number
GE.1 and LE. NEL1D
(2) 6-10 I Nodal point I
11-15 J Nodal point J
(3) 16-20 MTYPE Material identification number
(4) 21-30 BAREA Cross-sectional area of one-dimensional
element
NOTES/

(1) Elements must be input in ascending element number order. If
element cards are missing, the program generates the missing
elements by incrementing NUM and nodal points I and J. A
generated element assumes the material type and cross-sectional
area of the element immediately preceding it. The last one-
dimensional element in the mesh cannot be generated.
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(2)

(3)

(4)

note

(1)

(2)

(3)
(4)

NOTES/
(1)

The program uses isoparametric bar elements defined by their
end nodes I and J, as shown in Fig. A.2(a). Enter the global
node number of each end node. These one-dimensional bar
elements may be used in a two- or three-dimensional nodal mesh.
Any orientation in space is permissible.

One or more sets of thermal material properties are input in
the next data block, each of them labelled by an identification
Enter the identification number of the material this
element is composed of.

humber.

Enter the cross-sectional area of the one-dimensional element,

as shown in Fig

. A.2.

For a purely one-dimensional analysis,

set (BAREA) equal to unity (1.0).

Two-Dimensional Element Cards (615, F10.0)

Omit these cards if (N2) on the control card above is zero.

columns

1-5

6-10
11-15
16-20
21-25
26-30
31-40

variable

NUM

MTYPE
THICK

entry

Element number
GE.1 and LE. NEL2D

Nodal point I
Nodal point J
Nodal point K
Nodal point L
Material identification number

Thickness of two-dimensional element
EQ.0.0, default of 1.0 used

Two-dimensional elements must he input in ascending element

number order.
have also been used.

Start with "1" even if one-dimensional elements

If element cards are missing, the

program generates the missing elements by incrementing NUM
and nodal points I, J, K, and L. A generated element assumes
the material type and thickness of the element immediately

preceding it.
cannot be generated.

The last two-dimensional element in the mesh



T CROSS-SECTIONAL AREA
J

(a) ONE-DIMENSIONAL ELEMENT

K K AND L
L
THICKNESS
I I J
J

QUADRILATERAL DEGENERATE QUADRILATERAL
(TRIANGLE)

(b) TWO-DIMENSIONAL ELEMENTS

0 M AND N O AND P
P \
N
o~
J
L
I
HEXAHEDRON TYPICAL

DEGENERATE HEXAHEDRON

(c) THREE-DIMENSIONAL ELEMENTS

FIGURE A.2 ELEMENTS AVAILABLE IN FIRES-T3
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note

(1)

(2)

(3)

(2) The program uses quadrilateral isoparametric elements defined
by their corner nodes (I, J, K, L). Enter the global node
number corresponding to each of these four corner nodes in
counterclockwise order, as shown in Fig. A.2(b). Triangular
elements can be formed by specifying a degenerate gquadrilateral,
i.e., by letting K and L be defined by the same global nodal
point (see Fig. A.2(b)).

(3)

These two-dimensional elements may be used in three-dimensional
It is most economical to define two-dimensional
elements in an (X, Y) plane (Z = constant, not necessarily

analyses.

zero).

However, it is also possible to define two-dimensional

elements in an (X, Z) plane or in a (Y, Z) plane. Two-
dimensional flow in skewed planes must be modelled by a layer
of three-dimensional elements.

One or more sets of thermal material properties are input in
the next data block, each of them labelled by an identification
Enter the identification number of the material this
element is composed of.

number.

Enter the thickness of the two-dimensional quadrilateral
(or triangle), as shown in Fig. A.2(b). For a purely two-
dimensional analysis, set (THICK) equal to unity (1.0).

Three-Dimensional Element Cards (10I5)

Omit these cards if (N3) on the control card above is zero

columns

1-5

6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50

variable

NUM

=

MTYPE

entry

Element number
GE.1 and LE. NEL3D

Nodal
Nodal
Nodal
Nodal
Nodal
Nodal
Nodal
Nodal

point 1
point J
point K
point L
point M
point N
point 0

peint P

Material identification number
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NOTES/

Iv.

note

(1)

(1)

(2)

(3)

Three-dimensional elements must be input in ascending element
number order. Start with "1" even if one-dimensional or two-
dimensional elements have also been used. If element cards
are missing, the program generates the missing elements by
incrementing NUM and nodal points I, J, K, L, M, N, 0, and P.
A generated element assumes the material type of the element
immediately preceding it. The last element in the mesh cannot
be generated.

The program uses hexahedral isoparametric elements defined by
their corner nodes (I, J, K, L, M, N, 0, P). Enter the global
node number corresponding to each of these eight corner nodes
in counterclockwise order, bottom layer first, as shown in
Fig. A.2(c). Pentahedral or tetrahedral elements may be
formed by specifying a degenerate hexahedron, i.e., by letting
certain corner nodes be defined by the same global nodal

point (see Fig. A.2(c)). Three-dimensional elements are
comparatively expensive to form and lower order elements (one-
dimensional or two-dimensional) of appropriate thickness should
be used in those portions of a solid where heat flow is one-
or two-dimensional.

One or more set of thermal material properties are input in

the next data block, each of them labelled by an identification
number. Enter the identification number of the material this
element is composed of.

THERMAL MATERIAL PROPERTY DATA

A.

Control Card (Alphanumeric)

MATERIALS, N1

field variable entry
MATERIALS -~ Enter the word "MATERIALS"
N1 NMAT Number of different material types

NOTE/ This is an alphanumeric control card with key word (MATERIALS) and
main control parameter (N1), as in Fig. A.1.

B.

Material Data

Input the following set of cards for each material type:



1. Control Card (315)

note columns variable entry

(1) 1-5 MK Number of points used to define heat
conductivity function
EQ.0, constant conductivity

(1) 6-10 MCP Number of points used to define speci-
fic heat capacity function
EQ.0, constant heat capacity

(1) 11-15 MD Number of points used to define
density function
EQ.0, constant density

NOTE/

(1) Each material type is characterized by three material parameters:
thermal conductivity, thermal heat capacity, and density. Each
of these may be input as a constant or as a tabular function of
temperature. At least two points are needed to define each
function, and linear interpolation is used between points.

2. Heat Conductivity (8E10.0)

note columns variable entry
(1) 1-10 X(1) Temperature of point 1
11-20 Y(1) Value of conductivity function at point 1
21-30 X(2) Temperature of point 2
Y(MK) Continue until all (MK) points are input.
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NOTE/

(1) Input the table that defines the heat conductivity function.
Each point is described by an ordered pair (X, Y), where X is
temperature and Y is the value of heat conductivity at that
temperature, as shown in Fig. A.3. Input 4 such pairs per
card and use as many cards as necessary. The table for the
function must be defined over the entire temperature range to
be considered in the solution process - i.e. extrapolation
below the Towest point or beyond the highest point is not
permitted.

If conductivity was specified constant with temperature.
(MK.EQ.0) enter the constant value in columns 1-10.

Units for material properties must be consistent with units
used for other input quantities (nodal coordinates, tempera-
ture, time step size, etc.).

Y
(xX(1),Y(1))

(X(2),Y(2))

18

> }

=

o | I (X{3),Y(3))

D | |

S| | ! ! ~~_

ol | | | (X{MK),Y(MK))

:E I ] | |

W | l | |

T | | l I - X
TEMPERATURE

FIGURE A.3 MATERIAL PROPERTY TABLE FORMAT

3. Specific Heat Capacity (8E10.0)

(same as above)
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4. Density (8E10.0)

(same as above)

V. FIRE BOUNDARY CONDITION DATA

A. Control Card (A’phanumeric)

FIRE, N1, N2, N3, N4

note field variable entry
(1) FIRE - Enter the word "FIRE"
(2) N1 NFBC1D Number of one-dimensional surface nodes
exposed to fire
(2) N2 NFBC2D Number of two-dimensional surface segments
exposed to fire
(2) N3 NFBC3D Number of three-dimensional surface areas
exposed to fire
(3) N4 NBCMAT Number of different surface material types
NOTES/

(1) This is an alphanumeric control card with key word (FIRE) and
control parameters (N1, N2, N3, and N4), as shown in Fig. A.1.

If fire boundary conditions are not to be used, insert as
control card "FIRE, O, 0, 0, 0" and go on to Data Block VI.

(2) The fire boundary condition is idealized through the identi-
fication of surface segments and their associated thermal
properties. For one-dimensional elements, enter (N1), the
total number of boundary nodes exposed to fire (see Fig. A.4(a)).
For two-dimensional elements, enter (N2), the total number of
element edges (surface segments) exposed to fire (see
Fig. A.4(bg). For three-dimensional elements, enter (N3),
the total number of element surfaces exposed to fire (see
Fig. A.4(c)).

(3) Enter the number of different materials used to define fire
surface properties.



ELEMENT LELEM({N)
\ NODE LI(N)
’ * * : FIRE SURFACE

NODE N

(a) TYPICAL FIRE B.C. SURFACE NODE
FOR I-D ELEMENTS

FIRE SURFACE

NODE LI(N) SEGMENT N

NODE LJ(N)

(b) TYPICAL FIRE B.C. SURFACE SEGMENT
FOR 2-D ELEMENTS
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vl
""' FIRE "’
» SURFACE“
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NODE LI(N) NODE LJ(N)

(c) TYPICAL FIRE B.C. SURFACE AREA
FOR 3-D ELEMENTS

FIGURE A.4 DESCRIPTION OF FIRE SURFACE
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B. Linear/Nonlinear Model Card (Alphanumeric)

note columns entry

(1) 1-9 Enter the word "LINEAR" or the word "NONLINEAR" - one
or the other.

NOTE/
(1) Either a Tinear or a nonlinear model may be used for the fire

boundary condition. Specify the type on this card.

C. Material Description

1. Linear Material Data

Omit if control card above is "NONLINEAR". Otherwise, input
the following set of cards for each material type.

a. Control Card (I5)

note columns variable entry
(1) 1-5 K Number of points used to define linearized
heat transfer function
EQ. 0, constant function
NOTE/
(1) Linear surface material properties are input in the same way
as conductivity, heat capacity and density in Data Block IV
(page A-10)
b. Data Cards (8E10.0)

(same as previous material function input, IV.B.2
page A-11, 4 pairs per card

A

2. Nonlinear Material Data

Omit these cards if control card above is "LINEAR":

a. Constant Data Card (2E10.0)

note columns variable entry
1-10 SB Stephan - Boltzman constant

11-20 - TSHIFT Shift for absolute temperature
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note

(1)

NOTE/

b. Material Data Card (6E10.0)

Input the following card for each material type:

columns variable entry

1-10 A Convection factor

11-20 P Power of convection factor
21-30 ) View factor for radiation term
31-40 AB Absorption of surface
41-50 EF Emmissivity of flame
51-60 ES Emmissivity of surface

See Page 22 for explanation of nonlinear fire boundary condition.

note

(1)

NOTE/
(1)

Description of Fire Surface

1. Control Card (Alphanumeric)

SURFACE, N1, N2, N3

field variable entry

SURFACE -- Enter the word “SURFACE"

N1 NS1 Number of one-dimensional surface nodes to
be input below
LE. NFBCID

N2 NS2 Number of two-dimensional surface segments
to be input below
LE. NFBC2D

N3 ‘ NS3 Number of three-dimensional areas to be
input below
LE. NFBC3D

This is an alphanumeric control card with key word (SURFACE) and
control parameters (N1, N2, and N3), as shown in Fig. A.1. Enter
the number of each type of fire B.C. surface elements that will
be input on the cards that follow. The number of each type of
element must be less than the maximums defined on Card V.A.
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note
(1)
(2)

(3)
(4)

NOTES/

(1)
(2)

(3)

(4)

2. Description of One-Dimensional Fire Surface Nodes (16I5)

Omit this card if (N1) on control card above is zero:

columns variable

1-5
6-10

11-15
16-20

21-25

LI(1)
LMAT(1)

LFIRE(T)
LELEM( 1)

L1(2)

See Fig. A.4(a)

entry
Node number of first boundary surface node

Material type for this surface node
LE. NBCMAT

Fire number for this surface node
Element number of one-dimensional iso-
parametric bar element adjacent to this
surface node

Node number of second boundary surface
node.

Continue until all (NS1) nodes are input,
four nodes per card.

Specify which of the material descriptions input on Cards V.C
above applies to this boundary node.

A surface element can be subjected to one of four fires to be
input Tlater in the Time-Fire History Data Block.

The area of the surface exposed to fire is taken to be the
cross-sectional area of the one-dimensional bar element
connected to that surface node, as shown in Fig. A.4(a). One-
dimensional fire surface nodes can only be used in conjunction
with one-dimensional bar elements.

3.

Description of Two-Dimensional Fire Surface Segments (1515)

Omit this card if (N2) on control card above is zero.
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note

(1)

(1)

(2)

(3)
(4)

NOTES/

(1)
(2)

(3)

columns variable entry

1-5 LI(1) Node number of segment end I for first
surface segment

6-10 LI(1) Node number of segment end J for first
surface segment

11-15 LMAT(1) Material type for this surface segment
LE. NBCMAT

16-20 LFIRE(1) Fire number for this surface segment

20-25 LELEM(T1) Element number of two-dimensional quadri-

lateral or triangular element adjacent to
this surface segment

26-30 LI(2) Node of number of segment end I for second

4.

surface segment

Continue until all (NS2) segments are input,
three segments per card

Surface segment runs from I to J, as shown in Fig. A.4(b)

Specify which of the material descriptions input on Cards V.C
above applies to this surface segment.

A surface segment can be subjected to one of four fires to be
input Tater in the Time-Fire History Data Block

The edge of one of the quadrilateral elements lies between
nodes I and J. Enter the number of that element so that its
thickness may be used in determining the area of the surface
exposed to fire. Two-dimensional fire surface segments can
only be used in conjunction with two-dimensional isoparametric
elements.

Description of Three-Dimensional Fire Surface Areas (1215)

Omit this card if (N3) on control card above is zero.



note

(1)

(1)

(1)

(1)

(2)

(3)

NOTES/

columns

1-5

6-10

11-15

16-20

21-25

26-30
31-35

variable

LI(1)

La(1)

LK(1)

LL(1)

LMAT(1)

LFIRE(1)
LI(2)

entry

Node number of corner I for first surface
element

Node number of corner J for first surface
element

Node number of corner K for first surface
element

Node number of corner L for first surface
element

Material type for this surface element
LE. NBCMAT

Fire number for this surface element

Node number of corner I for second surface
element

Continue until all (NS3) surface elements
are input, two elements per card

(1) A surface area is defined by the four nodes, I, J, K, and L,
as shown in Fig. A.4(c). These must be input in counter-
clockwise order and 1ie in the same plane.

(2)

(3)

VI.

Specify which of the material descriptions input on Cards V.C
above applies to this surface area.

A surface area can be subjected to one of four fires to be
input later in the Time-Fire History Data Block

INTERNAL HEAT GENERATION DATA

A. Control Card

(Alphanumeric)

EXOTHERMIC, N1, N2, N3, N4
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note
(1)
(2)

(2)

(2)

(3)

NOTES/
(1)

note

(1)

NOTES/
(1)

field variable entry
EXOTHERMIC - Enter the word "EXQTHERMIC"

N1 NINTID Number of one-dimensional elements with
internal heat generation

N2 NINTZD Number of two-dimensional elements with
internal heat generation

N3 NINT3D Number of three-dimensional elements
with internal heat generation

N4 NQINT Number of different heating functions

This is an alphanumeric control card with key word (EXOTHERMIC)
and control parameters (N1, N2, N3, and N4), as shown in Fig. A.T1.

If internal heat generation is not being considered, insert as
control card "EXOTHERMIC, O, 0, 0, 0" and go to Data Block VII.

Enter how many of each type of element undergoes internal heating
from processes such as hydration, combustion, etc.

Enter the number of heat-rate vs. time functions to be considered.

Internal Heat Generation Functions

Input the following set of cards for each heating function:

1. Control Card (2I5)

columns variable entry

1-5 MK Number of points used to define heating
function
GE.?2

6-10 MT Type of heating curve input

EQ.0, heat flow per unit volume
EQ.1, heat flow per unit mass

Internal heating rate is input as a tabular function of time. At
least two points are needed to define each function and linear
interpolation is used between points.
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(2) Heating rate may be defined as heat per unit time per unit
volume or as heat per unit time per unit mass. Units must
be compatible with other input data.

2. Heat Function (3E10.0)

note columns variable entry
(1) 1-10 X(1) Time of point 1
11-20 Y(1) Value of heat rate at point 1
21-30 X(2) Time of point 2
Y (MK) Continue until all (MK) points are
input
NOTE/

(1) Input the table that defines internal heating rate in the same
way as conductivity, heat capacity and density in IV.B.2,
4 points per card.

C. Data for One-Dimensional Elements (1615)

Omit this card if (N1) on control card is zero.

note columns variable entry
1-5 IEL(1) Element number of first one-dimensional
bar element undergoing internal heating.
6-10 IMAT(1) Heat function number for first element
11-15 IEL(2) Element number of second one-dimensional

element undergoing internal heating

16-20 IMAT(2) Heat function number for second element

"IMAT(NINTID) Continue until all (NINTID) elements are
input, 8 elements per card. :
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D. Data for Two-Dimensional Elements (16I5)

Omit this card if (N2) on Control Card is zero.

Input element number and heat function number for all (NINT2D)
two-dimensional elements, 8 per card, in the same way as above.

E. Data for Three-Dimensional Elements (16I5)

Omit this card if (N3) on Control Card is zero.
Input element number and heat function number for all (NINT3D)

three-dimensional elements, 8 per card, in the same way as
above.

VII. CONVERGENCE CRITERIA

A. Control Card (Alphanumeric)

CONVERGENCE
note field variable entry
(1) CONVERGENCE -~ Enter the word "CONVERGENCE"

NOTE/

(1) This is an alphanumeric control card with key word (CONVERGENCE)
and no control parameters, as in Fig. A.1.

B. Convergence Criteria Card (I5,2F10.0,15,2F10.0)

note columns variable entry

(1) 1-5 NCONV Maximum number of iterations permitted
for fire B.C. solution

() 6-15 CONV Permissible relative error for fire B.C.
iteration

(2) 16-25 BETA Overconvergence factor for fire B.C.
iteration

(3) 26-30 NCONU Maximum number of iterations permitted

for system solution in each time step
EQ.0, linear solution - no iteration
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note

(3)

(2)

NOTES/

VIII.

note

(1)

(1)
(2)

(3)

(1)

(2)
(3)

columns variable entry

31-40 CONU Permissible relative error for system
iteration

41-50 ALPHA Overconvergence factor for system
iteration

The fire boundary conditions are temperature-dependent and
require an iterative solution process, controlled by variables
(NCONV) and (CONV) as defined on page 27. If there are no

g{rekB.C.s or if no iteration is desired, leave columns 1-25
ank.

See page 27 . To ignore overconvergence factors, leave blank.

When material properties {heat conductivity, etc.) are
temperature-dependent, an iterative process is needed to solve
the nonlinear heat flow problem. However, usually it suffices
to forgo iteration when material properties change 1ittle during
a time step, thereby reducing greatly computation costs. In
this case (or for linear heat flow problems) leave columns

26-50 blank.

INITIAL CONDITIONS

A.

Initial Time Step Control Card (A4,16,2F10.0,2X,A3)

columns variable entry
1-4 IA Enter the word "STEP"
5-10 MDT Initial number in sequencing of time
steps
11-20 TIME Initial time (i.e., base time)
21-30 TEMP Uniform initial temperature (If

initial temperature is nonuniform,
leave cols. 21-30 blank and input
nodal temperatures on the data card

below)

31-32 - blank

33-34 JP 3-symbol alphanumeric code that will
appear in columns 74-76 of punched out-
put.
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NOTES/

(1) The usual starting point for time step sequencing is "O"
and the usual initial time is "0.0". However, nonzero values
may be specified if desired.

(2) A11 nodal temperatures are initialized to this value unless
its value is "0.0", in which case all initial nodal tempera-
tures must be input on Card XIII.B below.

(3) If these columns are left blank the code "NODE" will appear on

punched nodal temperatures and the code "ELEM" on punched ele-
ment temperatures.

B. Initial Temperature Distribution Data (7(4X,F6.1))

Omit this card if (TEMP) on control card above is nonzero.

note columns variable entry
(1) 1-4 - blank
5-10 T(1) Initial temperature at node 1
11-14 -- blank
15-20 T(2) Initial temperature at node 2
T (NUMNP) Continue until all nodal points are
input.
NOTE/

(1) Enter the initial nodal temperatures, seven (7) nodes per data
card, using as many cards as necessary. This format is compa-
tible with punched output from the program; hence, this option
can be used to restart a previous analysis that must be continued
for a longer time period. For a restarted analysis change the
initial time (TIME) on the control card to the time at which
the previous analysis ended.
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IX.

note

(1)
(2)
(3)

(4)

TIME-FIRE HISTORY

A

For each time step input the following block of data:

A.

Time Step Control Card (A4,16,F10.0,15,4F10.0,413)

columns
1-4
5-10

11-20

21-25

26-35
36-45
46-55
56-65
66-68

69-71

72-74

75-77

variable

IA
NDT
DT
ITOF

TFIRE(1)
TFIRE(2)
TFIRE(3)
TFIRE(4)
n

12

I7

entry

Enter the word "STEP"
Time step number
Time step interval

Number of non-zero flow or temper-
ature boundary conditions

Temperature of fire 1
Temperature of fire 2
Temperature of fire 3
Temperature of fire 4

Printed output desired for this

time step

EQ.0, no output

EQ.1, nodal temperatures

EQ.2, element temperatures

EQ.3, both nodal and element temper-
atures

Punched output desired for this time
step

EN.0, no punched output

EQ.1, nodal temperatures

EQ.2, element temperatures

EQ.3, both nodal and element temper-
atures

Intermediate printed output for
debugging purposes

EQ.0, no printout

EQ.1, debugging printout

Fire boundary condition flag

EQ.0, continue with same fire B.C.
surfaces previously defined

EQ.1, input new fire B.C. surface in
Data Block IX.C below
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NOTES/

note

(1)

(1)

(2)

(4)

(6)

Time step cards must be input in ascending sequence with no
time steps omitted. :

Input the length of the time step in the same units used to
define other input quantities. To end a data case input a
negative time step size in these columns and then proceed to
the next data case (Heading Card).

Enter the total number of nonzero fixed heat flow or fixed

temperature boundary condition nodes. The value of flow or
temperature for each of these nodes is entered on the next

data card.

Up to four fire histories can be defined for use in conjunc-
tion with the fire boundary conditions input in Data Block V.
Enter the temperature of each fire at the end of the time
step.

If convergence difficulties are encountered in any particular
analysis, this option may be called to print nodal temper-
atures during each iteration. This option can also be used
to determine an efficient overconvergence factor.

A fire boundary surface is defined in Data Block V and can be
used for all time steps in the fire history. However, it is
possible to change the fire surface during any time step by
setting (I7) equal to "1" and inputting the new surface below.
The new surface replaces the one previously input and is used
for all subsequent time steps.

Nonzero Boundary Condition Data (5(15,F10.0))

Omit this card if (ITOF) on Control Card above is zero.

columns - variable entry
1-5 J(1) Node number
6-15 FT(1) Specified temperature or flow at
that node
16-20 J(2) Node number
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note

NOTE/
(1)

C.

columns . variable entry

21-30 FT(2) Specified temperature or flow at
that node
FT(ITOF) Continue until all (ITOF) boundary

nodes are input.

Input the global node number and the specified temperature
boundary condition or specified heat flow boundary condition for
each of the (ITOF) boundary nodes. Enter five (5) nodes per

data card and use as many cards as necessary. This data must be
input for each time step - even if the boundary conditions do

not change from time step to time step. Fixed flow nodes are
differentiated from fixed temperature nodes using the information
input previously in Data Block II.C.

Description of New Fire Surface

Omit these cards if (I7) on the control card above is zero.

1. Control Card (Alphanumeric)

SURFACE, N1, N2, N3
(Same format as Card V.D.1, page A-16)

2. Description of One-Dimensional Fire Surface Nodes (1615)

Omit this card if (N1) is zero

(Same format as Card V.D.2, page A-17)

3. Description of Two-Dimensional Fire Surface Segments (15I5)
Omit this card if (N2) is zero |

(Same format as Card V.D.3, page A-18)
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4. Description of Three-Dimensional Fire Surface Areas (1215)

Omit this card if (N3) is zero

(Same format as Card V.D.4, page A-19)
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SAMPLE PROBLEM 1 - COLUMN CROSS-SECTION WITH UNIFORM FIRE EXPOSURE

The first sample problem is a two-dimensional thermal analysis of

@ square column (Fig. B.1) from the basement level of a typical reinforced
concrete frame structure. It is necessary only to consider a quadrant of

the column in the thermal analysis because of its cross-sectional symmetry
and the uniformity of the intended fire exposure. The column is thus
idealized by the finite element grid in Fig. B.2, where planes of symmetry
are modeled as insulated (Q = 0) surfaces. The thermal properties used in
both sample problems are those given by Bizri [3]. The choice of the grid
was based on the results of previous studies. A fine grid is employed in

the vicinity of the fire boundary since a steep temperature gradient is to be
expected there. A coarser grid is used in the center of the column since the
gradient there is expected to be lower. The steel bars have been idealized
as rectangles based on an area equivalence (S = 0.89D). The flexibility of
steel placement is apparent from Fig. B.2, allowing convenient modeling of
any cross-section regardless of steel arrangement. The column is analyzed
for two time-temperature curves (pseudo-fires):

1) A long duration moderate intensity fire (ASTM E-119), and
2) A short duration high intensity fire (SDHI).
These two pseudo-fire curves are shown in Figs. B.3 and B.4, respectively.

The fire boundary condition is simulated with the nonlinear model
using a concrete emissivity of 0.9 and a flame emissivity of 0.3. Input data
for this problem is given in Table B.1 (for the first few time steps), and
typical output is given in Table B.2. Figs. B.3 and B.4 are graphs showing
the results of the analysis as the variation of temperature with time for
certain elements, the exterior corner element (78) and the interior corner
element (1), two steel elements (60 and 8), and a side element (10). The
ASTM fire was also considered using a flame emissivity of 0.9 (Fig. B.5).
The importance of flame emissivity can be seen by comparing Figs. B.3 and
B.5. The central processing time required for each case is 49 seconds using
the University of California CDC 6400 computer.
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at 583333
82 «583333
83 «666667T
8a « 666667
85 «708333
a6 .rFoooo

Oe
o.
Oe
0.
[+
o.
Qe
0.
« 047086
«0470806
« 047086
¢« 166667
«166667
« 166667
«333333
«333333
«333333
«416667
»416667
«3166067
«500000
« 500000
«500000
«583333
«503333
«523333
6514154
»583333
«614154
«583333
«614154
614154
«583333
«583333
« 666667
«666667
666667
« 666667
« 666667
e 666667
«66666LT
e 666667
666667
» 750000
«» 750000
« 750000
«708333
« 750000
«708333
« 750000
«708333
« 708333
5150000

Q
A
|

ol

TABLE B.1

ol
~N

30

40

50

INPUT FOR SAMPLE PROBLEM ONE

60




o 2 3 Q 3 3 2 3
ar .ebsaaa « 750000
88 l Oe +833333
90 « 333333 » 833333
96 «833333 «833333
ELEMENTS,0,78,0
1 1 2 16 15 1 1.0
6 6 7 12 20 1 1.0
7 7 a 13 12 2 1.0
9 9 to 22 14 ] 1.0
10 10 1 23 22 1 1.0
1 12 13 21 20 1 1.0
12 13 14 22 21 1 1.0
13 15 16 25 24 1 1.0
21 24 25 3a 33 1 1.0
29 33 34 43 482 1 1.0
37 42 43 52 51 1 1.0
41 46 47 57 55 1 1.0
a2 47 a8 59 57 1 1.0
a3 ag a9 62 59 1 1.0
44 49 50 63 62 1 1.0
as sl s2 65| 6a 1 1.0
50 55 57 58 56 t 1.0
st sl %9 &0 s8 1 1.0
52 59 62 61 60 1 1.0
83 61 62 73 72 1 1.0
sS4 62 63 74 73 | 1.0
55 56 58 70 69 2 1.0
56 58 60 71 70 2 1«0
57 60l 61 72 71 2| 1.0
58 69 T0 82 80 2 1.0
59 70 7t 84 82 2 1.0
60 71 72 85 aa 2] t.0
61 64l 65 76 7S5 t 1.0
66 80 B2 81 79 1 1.0
67 82 8a 83 81 1 1.
68 8aj 85 86 83 1 1.0
69 72 73 a6 85 1 1.0
71 75 76 89 88 1 1.0
75 79 81 93 92 1 1.0
76 Al B3 9a 93 1 140
77 83 86 95| 9a 1 1.0
78 86 87 96| 95 1 1.0
MATERIALS,2
4 0 o
0.0 1.01 390.0 1,01 1650. 0 0.506 3000, 9 04506
0.272
150.0
3 8 0
0.0 30400 1100,0 19.90 3000.0 19.90
0.0 0.107 750. 0 0. 144 1100.0 0e172 3000.0 0.172
480.0
FIRE(0¢164,041
NONL INEAR
1. 7E-9 460.0
27 1425 1.0 0.9 0.3 0.9
SURFACE.O.Fﬁ.O
o R e S 3 3 S B

B-8




o 8 8 ] 8 3 o
11 23 1 1 10 2 32 1 1 20 32 41 1 t 28
41 50| 1 i 36 S0 63 1 1 44 63 74 i i Se
T4 87 [ 1 TO ar 96 1 1 78 96 95 1 1 78
95 94 1 1 7 94 93 1 t T€ 93 92 [} 1 75
92 91 1 1 74 9 90 i 1 73 90 89 ] 1 72
89 88 1 1 71
EXOTHERMIC 40 40,0,0
CONVERGENCE
1S « 005 ~e25
STEP 0 0O« O 6849
STEP 1 « 025 347.600 3 2
SYEP 2 2025 627 .200 3 2
STEP 3 « 0295 906.800 3 2
STEP 4 e 025 1060.000 3 2
STEP S oOZﬂ llSP.ooo 3 f
e g 3l q 3 3 Q!




e eoke e o s ke S ok ke ok ol ook e ol sk e ak s ok e e o sl ol ol ol ok ol e ok ok b b ok b ok 3 ok o ok Ak ok ok o ok 3 ok ok b o) ok R ok

FFFFF I RRRRR EEEEE SSS5SS TTIYTY 23333
F { R R E S Al 2
F I R P E ] T 3

F 1 K R E S T 2

FFF 1 RRRRR EEE §555S ==z=== ¥ 2323
F I PR £ S 1 3
F I RR E S ¥ 3
F I R R E S T 2
F 1 R R EEEEE SSSSS 3 232333

A THERMAL ANALYZER FUOR THREE-DINENSICAAL SYSTEWNS,
WITH TEMFERATURFE~-DEPENDENT THERMAL PROPERTIES,
SUBJECTED TO A FIRE ENVIRCONMENT

e ok o e o 3 sle e o o ok ode o ok o 3 b ok e ok o 2ok ok ok e oo o oo ook ol ook 3 sl o 3 ok ok 9 3k a3 ok ok o e ole o ek sk Xtk

- - = TITLE CF RUN - = =

*xk% INTERIOR EASEMENT COLUMN - BLCG STUCY - ASTM FIRE #%x%

o0 o o o o ok o ke ae ol o ke o ok Xk o K sk o ok ot sl e ok e e e o ok o ok ok o o ok ok T o o e ok ok e ol ol o o e o ok v e ok K

TABLE B.2 OUTPUT FOR SAMPLE PROBLEM ONE
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FIRES-T3 ~ FIRE RESPOANSE OF STRULCTURES - THERWMAL

%% INTERIOR BASEMENTY COLUMN -~ BLEG STLDY - ASTM FIFE &x%xx%

GEQMETRIC DESCRIPTION OF SYSTEM TC BE ANALYZEC

o v o e e e ok e ade ek e ok ok o ok ok ok ok ok ake o sk o ake ol o e ok ke ok ade ok ol ke ok 3 3k b ook ok o ol ok ok b ok ok o ok ok ok ok ok ok oo

e« » o o THEFRE ARE 96 NOCAL PLINTS o o o
NODAL CCCRDINATES BCUNCARY
POINT X Y z CCNDITYICN
1 O Cs -Ce FLCw
2 «1667 O 0 FLOW
3 .3333 (o Y ‘0. FLCW
4 4167 O Ce FLCWw
5 «5000 Oe Oe FLOW
6 05833 Oe -0 FLCW
7 6142 Oe =-Ce FLOW
8 « 6667 O -0 FLOW
9 «7083 O. -Ca FLCWw
10 « 7500 O =0 FLOW
11 « 8333 Ce ~Ce FLCw
12 «6142 «0471 =Ce FLOW
13 .6667 0047‘ -0 FILLCOwW
14 «7083 «CAT71 ~Ce FLCWw
15 Q. 1667 =0 FLOW
16 « 1667 « 1667 Ce FLCW
17 «3333 « 1667 =Ce FLOW
18 «4167 « 1667 Oe FLOW
19 «5000 +» 1667 Ce FLCW
20 « 5833 «1667 Oe FLOW
21 «6E6T e 1667 O FLCw
22 « 7500 -« 1667 Ce FLOW
23 «8333 e 1667 ~0e FLOW
24 0. « 21323 ~Ce FLCWw
25 « 1667 »3333 Oe FiL.Ow
26 « 3333 « 2333 ~Ce FLCwW
27 8167 .3333 C. FLOW
28 «5000 «3333 0. FLOwW
29 «5833 «2323 Ce FLCW
30 « 6667 «3333 0. FLOW
31 « 7500 « 3333 Ce FLCwW
32 «8333 - «3333 -0. FLOW
33 O +4167 ~Ce FLOW
34 1667 «41€7 Ce FLCw
3s ¢« 33332 «Q41€7 -Ce FLOwW
36 s 4167 24167 Co FLCW
37 «500C 4167 Ce FLCW
38 «5833 «4167 Oe FLOW



39
40
a1

a2
43
44
as
45
a7
48
49
sQ
S1

52
53
54
58
56
57
58
59
60
61

62
63
64
€5
66
67
68
659
70
71

72
73
74
75
76
77
78
79
80
81
82
33
84
8s
86
87
88
89
a0
91
92
93
9a

6667
« 7500
«8333
O
e 1667
«3333
4167
«E000
«5833
«6BET
« 7500
«8333
O«
« 1667
« 33233
4167
«5000
«5208
«5833
«5837
«H667
6667
«7083
e« 7500
+8333
O
+ 1667
«3333
«4167
«S000
«3208
« 5833
«BEET
«7083
« 7500
«8333
Q.
e 16€7
«3333
«B1€7
« 5000
5208
«35833
«5833
« 6667
. «FE6OT
«7C83
«75CC
« 8333
0.
21667
« 3333
«a167
«5000
«5833
«6667

«41£7
+4167
+41€7
«5000
«SC00
«5000
«5000
«E£000
«5000
«S5000
«50090
«5000
« €833
+5833
«5833
«£833
»5833
€142
«58313
«€142
«+S823
+6142
«€142
+S£833
«e£833
v€667
«6667
«EEE7
« 6667
« €667
sEEET
«6667
«EEET
«E667
«E667
wEEET
« 7500
«75C0
«750¢C
«75C0
«75C0O
«+7083
« 7500
« 7083
« 7500
70872
«7083
«?75C0O
« 7500
«+ 8333
8322
«8333
« 8337
«8323
«£8333
«+ 83323

O.
-~Ce
~0e

O
~Ce

O.

Ce

Co
Ce
~Q.
-Ca
O
-Coe

-0
-Co
-0
-0
-Ce
-0,
~-Ce
-0
-0 e
-Ce

-Ce
Co
-0
-0
-0
-Cos
-Coe
-0
~Cos
“0e
Oe
~Ce
OCo
fC.
-0
-0
-Ca
-0
-Ce
=0
~Ce
-Ce
~Qe
‘c.
=0 e
Coe
Ce
Oe
Ce

FLOW
FLOW
FLOw
FLOW
FLCW
FLOW
FLOw
FLCwW
FLOW
FLCw
FLOwW
FLCW
FLCW
FLOW
FLCw
FLOW
FLOwW
FLOW
FLOW
FLCw
FLOWw
FLOW
FLCW
FLOW
FLCW
FLOW
FLOW
FLCW
FLOW
FLCw
FLCw
FLOW
FLCW
FLGw
FLCW
FLCw
FLOW
FLCw
FLOwW
FLOW
FLCw
FLOW
FLCW
FLOwW
FLCW
FLCW
FLOW
FLCwW
FLOW
FLCW
FLCW
FLOwW
FLCW
FLOw
FLOW
FLCw



%5
96

ELMT

BN P WN -

NOT L WN - -

O

THERF

puait
od I ~NOUMMPUN [

NN NN - e e e e
NOANANWN= OO0 0D D W

28
29
30
31
32
34
38
Jé6
3z
38
g
40
a1
43
44
48
46
47
48
49
S0
s2
S3

» 7500
«3333

ARE

1€
17
18
19
20
12
13
14
22
23
21
22
25
26
27
28
29
30
31
32
34
35
36
37
3e
39
40
a1
412
a4
45
a6
a7
a8
49
50
52
53
54
58
57
59
67
63
65
66

78

15
16
17
18
19
20
12
13
14
22
20
21
24
28
26
27
28
29
3c
3
33
34
s
36
37

.38

39
40
42
43
a4
45
46
a?
an
49
€1

s2
53
€4
55
57
59
62
€4
65

+ 8333
«8333

?-D ELEMEATS [ . L]

MAT

N e pa = v e e

PR e e s P R ey g gt Jua P s P s g RS s P b s R B P i g T s b P g M g et e e = e f\)

THICKNESS

1.00000
1.C00CCC
1.00000
1.00000
1.0000C
1.00000
1.C00CC
100000
1.CC00C
leCCOQCC
1.00000
1teCCOCC
1.00000
1.C0002
1«CCOCC
1.00000
1.CCOCC
1.00000
1.C0000
1.00000
1.00000
1.CCOCC
1.0000¢C
1.00000
1.00000
100000
leCCOCC
1.CC00C
1.C0000
1.CCOCC
1.,00000
1.€CC00C
1.0000¢Q
1.C0000
1.CC0CC
1.00000
1.CC00C
1.00000
1.00000
1t.CCOCC
1.00000
1.00000
1.C000Q
1.C0000
t.CCOCC
1.00000

FLCw
FLCwW



a7
48
49
50
51
s2
S3
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

53
54
55
55
57
59
€1
62
56
58
60
69
70
71

€4
65
66
67
68
80
82
84
72
73
75
76
77
78
79
a1
83
86

54
§5
SE
57
59
62
62
63
58
60
61
7¢C
71
72
65
66
67
68
69
82
B4
85
73
74
76
77
78
79
81
83
B6
87

67
68
69
58
60
61
73
Ta
70
71
72
82
B84
85
76
77
78
79
80
81

a3
86
86
87
89
SO
91

92
93
94
95
96

€6
67
€8
56
58
€0
72
73
69
70
71
80
az
a4
75
76
77
78
79
79
a1
133
£5
86
88
29
90
S
92
53
Sa
95

Ot b gt s el g PO s b R e bt s ke P g we NS T N N P N e e e e e s e s

MAX IMUM BANDWIDTH IS

1€

B-14

1.CC000
1.00000
1.CC0OCC
1.0000¢C
1.00000
1.000CC
100000
1.€0000
1.C00CC
1.0000C0
1.C00CC
1.00000
1. 00000
1.C000C
1.000C0C
1.0C0C¢C
1.00000
1.00000
1.C000¢C
1.00000
1.C00CC
1.00000
1.C000C
1.000CC
1.00000
1. CCOCC
1.00000
1.€0000
1.C0000
1.00000
1. CCOCC
1.00CCC
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FIRES-T3 - FIRE RESPONSE OF STRUCTURES - THERMAL
%%k INTERIOR BASEMENT COLUMN ~ BLDG STULDY - ASTM FIRE %**X
THERMAL PROPERTIES OF SYSTEM TO BE AMALYZED
THERE ARE 2 DIFFERENT MATERIALS

e s o 3¢ 3k e ol ok o o o ok ok vhe sl o o ok ok sk sk Sk ok 2k o oo o ok ook ok ok ok ok ok ob o b sk o sk ok ke b Xk b ok ko b R o kR %

s » o o MATERTAL NUMEER 1 e o » o

o o o CCONDUCTIVITY o o o

NODE TEMPERATURE VALUE SLOPE
1 O 1.010
Qo
2 360.¢C 1010
-« 4CCE-02
3 165040 «506
Ce
4 3000.0 «506

e s o SPECIFIC HEAT + o o

MATERI AL PARAMETER CF CONSTAANY VALUE «272

e o o DENSITY « o »

MATERIAL PARAMETER CF CONSTANT VALUE 1€C.0CC

e o » o MATERIAL NUMBER 2 s e e »

s o o CCOCNCUCTIVITY .+ « &

NODE TEMPERATURE VALUE SLOPE
1 Oe 3C.000
~«918E-~-07
2 11000 16,900
o.
3 3C00.0 19.900

B-15



e o o SPECIFIC HEAT + o o

NODE TEMPERA TURE VALLE SLCFE

1 Oe «107

s 4G3IE-~C4
2 750 .90 144

«s8C0E-04
3 1100 .0 172

Q.

4 3000.,0 «172

e o o DENSITY o, « &

MATERIAL PARAMETER OF CONSTANT VALUE 48C.CCC
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FIRES-T3 -~ FIRE RESFONSE OF STRUCTLRES - THERMAL
*k%% INTERIOR FPASEMENT CCLUMN -~ BLDG STULY - ASTM FIRE *%%
NON-LINEAR FIRE ABCUNDARY CCNDITION

% o 3k e 2 ok ok ol ok ok ok ook ok o o dk a sic o ol o o ok o ook ok ok b ol sk ok ok ok ok ok ok o ol 3 o b ok ke ol sl o o ok ok o oK ok ok i ke
C=AX(TF-TS)I*ENISBEVHI(ABXEFX(TFATSHIFT )#R4~ESH(TSHTSHIFT)IR%g)

WHERE
TF -~ PSUEDO FIRE TEMPERATLRE
TS - SURFACE TEMPERATURE

SB - STEFAN BOLZTVMAKN CONSTANT = «17CCE~-0O8
TSHIFT - SHIFT TO ABSOLUTE TEMPERATURE €SCALFE = 460.0
AND
MAT CONVECT CONVECY VIEw ABSCRET FIRE SURFACE
NUM FACTOR POWER FACTOR EMISSIV EMISSIV
(A) (N) (v) (AE) (EF) (ES)
1 «270 1250 1.000 «900 «3CC «SCC

« o« o THERE ARE 16 2-D SURFACE ELEMENTS EXPCSED TC FIRE + o

DESCRIPTYION OF SURFACE DIREFCTLY EXPOSED TC FIRE

F IREBC NCDE NOOE MAT FIRE AREA

SURFACE I J TYFE TYPE
1 11 23 1 1 « 167
2 23 32 1 1 1A/7
3 3z 41 1 1 082
4 41 50 1 1 «083
S S0 €2 1 1 « 0813
6 63 74 1 1 +CE2
7 74 87 1 1 « 083
8 87 9€ \ 1 «0F2
9 96 95 1 1 «083
10 9% 94 1 1 «083
[ 94 93 1 1 «DEZ
12 S3 92 1 1 «0A33
13 92 91 1 1 « Q&2
14 91 90 1 1 «0A3
15 90 8s 1 1 167
16 89 B8 1 1 167



o ap o o o o oot o o ook o ke o ke o o ok ok ool o 3 ot ok o ok ok s ok ok ok e ok kol o ol o ol ol o o o o o ok o e o o ok lOk
FIRES-T3 -~ FIRE RESPONSE OF STRUCTURES -~ THERMAL

%k INTERIOR BASEMENT CCLUMN - BLECG STUCY - ASTM FIRE %%

INFORMATION RELEVAANT TO THE ANALYSIS PROCEDURE

e 3k 3 o ok e e e e dk o o e 3k o Bk e ok b ok ok e o oo ook e b 3 ok sk ok dk ok % ok 3b ok o ok o ok b ok ko b ok ook ok ok ok ok o o

» o o o COCNVERCENCE CRITERIA « o o o

CCNVERGENCE CFRITERTIA FOR BCUNDARY CONCITIONS

PERMISSIBLE ERRCR = «00E0C

MAXTMUM NUMBER OF ITERATICNS = 15 EBETA = ~e2500

e o ¢« o STORAGE REGUIREMENT FCR PLANK COMMON

SIZE BLANK CCMMCN = 3390 (DECIMAL))
= 0006476 (CCTAL)



Rt e s R R R R R AR RRRERESSRES SRR S LSS S

FIRES-T3 -~ FIRE RESPONSE OF STRUCTURES - THERMAL

*¥%%k INTERIOR BASEMENT COLUMN - BLDG STUDY - ASTVM FIRE kkx

INITVIAL SEQUENCE NUNMBER IS 0 AND INITIAL TIME 1IS Qe

e e o e 3 2 o e R e o ok ok e ok o ok ol b o o ok ok ok ke ool s ok ok Roskok ok kok ok B ok ok ok bk ok B ok R ok o b ks sk %k

N TEMP, N TEMP, N TEMF, N TEMF.

1 68,00 2 68,00 3 €8a.CC 4 68,00

= 68.00 6 68.00 7 68.00 e €8.00

9 68400 10 €8.CO 11 EELQC 12 68.00
13 68.00 14 68.00 15 €€.0C 1€ EELCQ
17 68.00 18 €B8. (00 18 €8.,00 20 68 .00
21 68 .00 22 684,00 23 €€.CC 24 68.00
25 €8. 00 26 68.00 27 68.00 z8 68.00
29 684C0 3¢ 68, C0 31 €8.C0C 32 68,00
33 68 .00 34 68.00 as €8.0C JE 6€.00
37 68400 38 684,00 39 €8.,00 40 68 .00
41 68 .00 Az €8.00 432 E8,CC 44 68,00
45 €3400 46 68,00 47 68.00 48 68,00
4G 68.00 5¢ 68,C0C 51 £8.,C0 s2 68.00
53 68,00 54 68.00 85 €6,C0 C€ 6€.00
57 68.00 58 68,00 59 68,00 60 68,00
61 68.00 62 68.00 €2 €. (0 €4 68,00
65 6800 66 68.00 67 68.00 €e 68.00
69 68.00 7¢C 68,00 71 68,00 T2 68.00
73 68.00 74 6R .00 79 €€.0C 1€ EE., 00
77 68400 78 68,00 79 68.00 80 68,00
81 68.00 82 68,00 a3 €8, CQO £4 68,00
85 68,00 86 68,00 87 68.00 88 68,00
89 68,00 9c 68400 g1 68,00 Q2 68,00
93 68,00 94 68.00 95 €8€.00 S € €8.00



3 sk e ook ok o o ok ok K ok ok sk ok ok ok Rk Rckek kol ok ol ok ko Rk B R R R R R Bk ok E S RN R AR Bk kR
FIRES~-T3 - FIRE RESPONSE OF.STRUCTURES - THERMAL

%¥%k% INTERIOR BASEMENT COLUMN - BLDG STUDY ~ ASTM FIRE *#%

TIME STEP NUMBER 1 - TIME « 025 - TIME STEF « 025

e % 3 vk ok o ok a ok 3k e 3k ek ke ok o ok o ofe e el afe vl sk ok ke sl ol aje ok sk v ok i o ok ol o o ok o o ode ke ook ok ok ok ok o o ok sk ok e ok
NUMBER CF NON-ZERC FLCW CFR TEMPERATURE CONDITIONS -0

FIRE BOUNDARY CONCITION

FIRE(1) = 347.600

FIRE(2) = -0

FIRE(3) = -0

FIRE(4) = -C»

------------ NODAL POINT TEMPERATURES —~=—e—wceewcoe=
N TEMP, N TEMP, N TEMP, A TENMP,
1 68,00 2 68,00 3 68 .00 4 68,00
5 68,00 € £8.C1 7 €8.03 g 68,03
9 68.04 10 68.47 11 72.74 12 €E,02
12 68,3 14 66,05 15 €8.00 16 68,00
17 68,00 18 68,00 19 €8,CC zC 68400
21 68,03 22 68.37 23 72473 Z4 68,00
25 68.00 2€ 68,00 27 EELCC 28 68.00
29 68,00 30 68,03 31 €6 3E iz 7273
a3 6B, CO 34 68400 15 68400 36 68.00
37 68,00 3e 68400 3g €E,C3 ac ERe €
a1 72473 42 68,00 43 68.00 44 68,00
a5 68,400 46 68400 47 68, C0 48 6R.03
49 68.36 50 T2.73 51 €ELCO ez EEL.CN
523 684 CO 54 68400 55 68,01 56 68.04
57 68,01 58 E8.04 86 €8,C2 EC ERL (6
61 68.08 62 68437 63 72.73 €a 68402
65 68,03 €€ 68,03 67 68,03 68 68 .02
69 68,05 70 68.05 71 €8,07 72 EE.C7
73 6R.47 74 72.76 75 €8,.36 76 68 .36
77 68.36 7E €8, 36 7¢ €E 37 £C 62,07
81 68,43 82 68,06 83 68 .45 eq £8.07
85 68410 g€ 68,73 = a7 73. 05 se 72673
89 72.73 90 72.73 91 72473 Gz 72673
93 72.74 94 72.76 = 95 73.05 96 7732
-------------- TEMPERATURE DF 2-D ELEWNEATS =--ccccnc—eaa-

TEMP, N TEMP, N TEMP, N TENF,
1 658,00 2 68.00 3 €EE.CO 4 68,00
5 68.00 € 68.01 7 €8.03 8 68,04

B-20



13
17
21
25
29
33
37
41
45
49
53
57
61
65
69
73
77

0 SYSTEM ITERATICNS WERE PEFRFORMED

3 R

6B.23
68,00
68.00
68,00
68,00
68,00
68.00
68,00
68,01
68 .01
68,03
68.2%
68.07
€8.19
68.13
68,34
7054
7075

10
14
18
22
26
30
34
38
42
4€
50
54
58
62
6€
70
74
78

70458
68600
68,01
63,00
68,01
68.00
68.C1
68,00
68.02
68.01
68,03
7C.58
68.06
68.19
684,23
7075
7Ce 55
73.04

PUNCHING ELEMENT DATA .

11
15
19
23
27
a1

35
39
43
47
51

55
59
63
€7
71

75

Cs, ITERATIONS WERE PERFORMED

B-21

68.02
68.00
€B.Z0
68,00
€€, 1¢
68.00
€8.19
€ELOC
58420
€E€.CH
68.04
68,05
€E.0¢€
€68.16
€EL,2E
70+54
7057

12
1€
éC
24
28

36
4C
44
4€
s2
56
€C
64
EéFr
72
76

68.12
68,00
70.55
68.00
70.54
68,00
70.54
68,00
70 55
68,01
68413
68,06
CE.CE
68,20
68,34
70.54
70.60
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FIRES-T3 - FIRE RESPONSE OF STRUCTURES - THERMAL
#%% INTERIOR BASEMENT COLUMN - BLDG STUCY - ASTM FIRE **%
TIME STEP NUMBER 2 - TIME «C0EC — TIME STEF 028
0 o 50 3ok ok o o el o oo s ol o o ok ok ok o o o o ol o o o o ol o ok o oot o sk e ok ot o sk o ok ok ok ok o ok g ko o
NUMBER OF NON-ZERC FLOW CR TEMFERATURE CCNCITICNS -0

FIRE BOUNDARY CONDITION

FIRE(1) = €27.20CC
FIRE(2) = ~0.
FIRE(3) = -0.
FIRE(4) = -0
———————————— NODAL FOINT TEMPERATURES ——=m—ecewcemca—e-
N TEMFP,. N TEMF . N TEMP . N TEMP,
1 68.00 2 68400 3 68.00 a4 68 .00
5 68400 € 68.04 7 €8,15 £ 684,20
S 68,24 10 70.27 11 87.40 12 68.14
13 68.19 14 68429 15 €EE.CC 1€ 68.00
17 68 .00 18 68,00 19 €8,c¢C 20 68.02
21 68.16 22 69,81 23 87437 24 68.00
25 68,00 2€ 68,00 27 €8.00 zZE 62400
26 68.¢C1 3q 68.16 31 69.78 3z 87425
23 68.00 34 68400 as €8.CC 3¢ 68.00
37 68,00 38 68.01 19 €f.16 ac 69.78
41 87435 a2 684 CO 43 68.00 44 68.00
45 63400 A& 6R.00 47 €EP.02 48 €8, 16
ag 69.78 50 B87.35 51 68.01 sz 62,01
51 68.C1 54 68.01 S5 €€.CS 56 68.23
57 68,08 58 68.26 59 €E 18 €C 68434
61 68,42 62 65,85 63 87 .38 64 68.1F
65 68156 A6 €916 €7 €B.1E €E 6E€413
65 68.28 70 68430 71 68.37 72 68,42
72 70.28 74 87.51 78 €S TE 7€ 69.78
77 69.78 78 69.78 79 €S,.83 gC €E.36
81 7Ce11 82 68,33 83 70422 8a 68.41
85 68455 86 71.61 e? £EL G2 g€ 87. 135
8¢ 8735 a9Q 87,435 91 87 .35 Gz £87.37
93 87 .40 94 B7.52 g5 Efe.61 SE€ 105.94
—————————————— TEMPERATURE OF 2z-D ELEMENTS ~—mocemecem—e——
TEMP, N TYEME , N TYEMP , N YEMP
1 €84 00 2 68.00 3 68.00 4 68.00
5 68,02 & ERL Q9 7 €EFL17 g 68, 23
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9 69,15
13 68400
17 €8, 01
21 68.00
25 68.01
29 €8.CO
33 6R .01
37 €8. 01
41 6B .04
45 68.09
4G €E.17
53 69.24
57 68, 39
61 68,97
65 68465
69 6G.71
73 TB«SH
T7 7G8.57
¢« o o PUNCHING
0O SYSTEM
3 Be.

1¢C
14
18
22
26
ac
34
38
42
46
5¢C
S4
58
€2
66
7¢C
74
78

78471
€R.00
68409
684,00
68,09
€8.C0
€8,06
68,01
68410
68,09
68415
78475
68,32
€8.57
69,16
7G.58
78.58
87.84

FLEMENT DAYA ,

B-23

11
15
19
23
27
31
35
39
43
47
51
sg

-

59
€3
67
71
7€

ITERATIONS WERE PERFORWMED
Ce ITERATIONS WERE PERFORMED

€8.12
€8.CC
€8 .58
€€, CC
€EEL.S7
€8.00
€ELG7
€8.01
€EELSS
€€.06
68.21
€EEL 27
68.3€
€E.G7
€27
TE.56
r8.€8

12
1€
20
24
z8
32
2€
40
44
4t
s2
of 3
€C
€a
€E
72
7¢

68.61
€E8,00
TR.E8
68,00
78.5€
68,00
78.57
68.02
78.59
68.09
68 .69
€8, 32
68.44
68.98
€G.70
TA .56
78,81



Mg e v o o o 3k ok ek % ok ok o sk o ks ok o ook ok ok o v o o ok o e ok ok ok e ke ok ok ol e ol o o o ok ok o o ok ok ok ok e ok sk ko
FIRES-T3 -~ FIRE RESPONSE OF STRLCTULRES - THERMAL
*%% INTERIOR BASEMENT COLUMN - BLDG STUCY - ASTM FIRE ¥¥&x%
TIME STEP NUMBEFR 3 - TIME «075 - TIME STEP «028
ek oo ok sl e o ok e ok o ok o ok ok sk i ok o ok e ok ok sk ok ok ok b ol ok ol o ok o kb b o ok ok b b ok okl ook ol dkol kool ol ke
NUMBER OF NON-ZERDO FLOW CR TEMPERATURE CCNOITICANS -0

FIRE BOUNDARY CONDITION

FIRE(1) = GDE .B00
FIRE(2) = ~Ce
FIRE(3) = -0
FIRE(4) = -0
———————————— NCDAL FCINT TEMPERATURES ~=r-crcemccemm——
N TEMP, N TEMP, N TEME . ) TENE,
1 683,00 2 68,00 3 €EELCC 4 6€.,00
5 68,01 6 68.16 7 68.52 3 ERLHE
9 68.79 10 74.5€ 11 117. 27 12 68,47
13 68463 14 68.95 15 £E8,0C 1€ 6EL,00C
17 €8,00 18 68,00 1S 68.01 20 68.06
21 68 .53 22 73.37 23 117.27 2a 68,00
25 68.00 26 68.00 27 €8.00 28 6E8.01
29 68,05 30 68454 31 732.27 32 117,21
33 68.00 34 68.00 35 €€.CO 3¢ €€.00
37 68,01 38 68405 39 €8.54 40 73.28
41 117.21 42 682,01 42 €2,C1 44 68,01
45 68,01 46 68.02 47 68.07 48 68.5%
49 73.28 50C 117.22 51 68405 £2 68,05
53 68405 54 68.05 o5] EBLLE €€ EE.TE
57 68,29 58 68.90 59 €8.54 60 ' 69.13
61 69437 62 73.45 63 117,32 €a 68.54
55 68.54 66 68454 67 6B +S4 €e €8.4E
69 68.94 7¢C €5.00 71 €G,24 72 69.37
73 74,66 74 117.73 75 7227 1€ 73.27
77 73.27 78 73.28 79 73.39 80 69 .19
81 74415 az €GS.10 83 74,52 €4 6Ge 35
85 69,75 86 7T8.560 a7 121.75 ag 117.21
89 117.21 9¢C 117.21 91 117.22 G2 117.28
93 117.36 94 117.77 95 121.7€ St 1€3. G0
—————————————— TEMPERATURE CF 2-C ELEMENTS —~——wemevmea———
N TEMP. N TEMP, N TEMF ., N TEMP .
1 68.00 2 68,00 K €EE€.CC 4 68.01
S 68,06 6 68, 30 7 68.57 e €EE.76

B-24



10
14
18
22
26
30
34
38
42
46
SO
54
S&
62
66
7C
74
78

9%5. €5
68.00
68.30
68.00
683+ 30
£8,00
€8,30
€E8.03
68,436
68430
68454
95 .79
6S. 06
7O .91
71,46
986,19
95 .29
121.50

PUNCHING ELEMENT DATA .

9 7T1.42
13 684 CO
17 68,03
21 68400
25 68403
29 68 .00
33 684,04
37 68,03
41 68.14
45 68,30
49 68 .59
53 T1.71
57 69,28
61 7091
65 7Cs 00
69 73.09
73 95.25
77 g98.16
0 SYSTEM
3 He

B-25

11
15
19
23
27
a1
35
39
43
47
91
55
59
63
67
71
75

ITERATIONS WERE PERFORMED
Ce ITERATIONS WERE PERFORMED

€€.A472
€8.00
7C.92
€E.00
70.91
€8.CC
70.91
68402
7C.9G€
68.30
€E.72
68 .90
€S.17
7C«G1
71.78
CEe24
95455

12
1€
2C
4
28
32
2€
40
44
48
g2
€€
60
€4
68
72
7¢

6G.87
68.C¢C
35.28
€E.,00
95 24
68,01
GS.2°%
68,06
GE.,32?
68431
70,12
€G.07
69 .42
7CS2
73.05
G5, 24
95,95



ok 3 3 X e 3 e ok A e o o ok e ofe ok ok ok ks ok ok ook dleske o ode ok o ode ol ok o o b 3k o ok o b ook ok ok o o ok ok ke ok o ok ok e ok ok
FIRES-T3 - FIRE RESPONSE OF STRULCTLRES - THERNMNAL
*x%x INTERTOR BASEMENT COLUMN ~ BLDG STUDY - ASTM FIFRE %%*%
TIME STEP NUMBER 4 —‘TINE +100 ~ TINE STEF «025
e ok o ke e e e e e o e e e e afe e ol e e koo ke sk ok kel ok ko sk ok R B b b ok Ak b b ko Rk o b Rk ok R ko ok kK ok
NUMBER CF NCN-ZERC FLCW CF TEMPERATURE CONDITIONS -0

FIRE BOUNDARY CONCITION

FIRE(1) = 1060.000
FIRE(2) = -0.
FIRE(3) = ~0 »
FIRE(4) = =0
———————————— NODAL POINT TEMPERATURES ~-e=nmececcecamcawa-—
N TEMP, N TEMP, N TEMP, ) TEMF,
1 683,00 2 68.00 3 68 .00 4 68,00
5 €8.03 € 68,43 7 €G.29S 8 69 .59
9 69.R6 10 81.66 11 126,28 1z €G. 18
13 6G. 54 14 7021 15 68.00 1€ 68.00
17 68.00 18 68,00 16 €EE.C2 2¢ €8,17
21 69.29 22 79.41 23 156.16 24 68,00
25 68,00 2€ 68,00 27 €8.00 28 68,02
29 68.15 3¢ 66,32 31 7G.22 22 15€.C2
33 684, CO 34 68.00 35 €8.00 2€ 684,00
37 68,02 3e 68,15 39 £G6,32 4 7G.24
41 156.02 42 68,02 43 €8.,02 44 68,02
45 68.03 4€ 68, 06 a7 £8,16 48 69,35
49 79.26 50 15€.05 S1 €8,15 € EFfF. 15
53 68.15 54 68.15 55 €8,48 S€ €S .9¢
57 68,78 58 7C.22 56 €G, 38 €C 70.73
61 71.23 62 79.56 63 1S€.27 €4 6Ge32
65 69,32 6€ €S 32 &7 £€9.33 68 69.21
69 T0.28 70 7Ca4a3 71 7C.S€ 72 71.22
73 82.C0 74 157.24 75 79.22 7¢€ 7Ge22
77 7323 7e 7G.24 79 7G6.4C ec 70.81
at 80 .89 82 70.64 e3 8l.71 €4 71.2¢C
as 72,03 8€ GC.37 a7 16%.46 88 156 .02
893 156.02 90 15€.02 Gl 1S€.C2 G2 1S€416
93 15€+ 3€ 94 157.32 95 "165.44 GE 23B.06G
—————————————— TEMPERATURE QOF 2-0 ELENMENTS ~---crcecccwm~—-
N TEMP . N TEMP, N TEMF ., A TENP.
1 68,00 2 68.00 3 €8.CO 4 6,02
S €8.16 6 €ER.T76 7 €9.40 a 69 .80
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13
17
21
25
29
33
37
41
45
49
53
57
61
65
69
73
77

- L d

O SYSTEM ITERATIONS WERE PERFCRMED
Ce ITERATIONS WERE PERFORMED

3 B

75 .29
68.00
68,09
68. 00
68.08
68.01
68.10
68.08
68. 38
68,73
69.48
76.01
71.04
74.28
T2.473
78.91
117.63
122,71

10
14
18
22
2€
30
34
3e
42
4€
50
Sa
58
62
EE
70
T4
78

118.40
€8.CO
68,73
68,00
68.74
6B.01
68.75
68,.,(8
68.92
68473
69, 36

118477
70.54
74,28
75.44

123.77

117. 71
164.84

PUNCHING ELEMENT DATA .
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11
15
19
23
27
31
35
3s
43
a7
51
55
56
63
67
71
75

»

.

€9.C4%
68,00
74.31
68,00
74,28
€8,01
74.29
€8,CS
74,39
€€, 74
€S.?28
T7T0.22
7C.8¢C
74,28
7€.11
117.€2
118.20

12
16
zC
24
28
az
36
ac
44
ag
£2
56
éC
€a
€e
7z
76

Teell
68.01
117.70
68,01
117.63
6€402
117.64
68, 18
117.78
68,76
7273
70.58
71. 35
74,30
78,83
11762
119.07



P e et st nImmmnmm
FIRES-T3 - FIRE RESFONSE OF STRUCTURES - THERMAL
*%% INTERIOR EASEMENT COLUMN - BLDG STUDY - ASTM FIRF *%x%
TIME STEP NUMBER 5 - TIME 125 - TIME SYEP «025
R e e L T P e T
NUMBER OF NON-ZERC FLCW CR TEMFERATURE CCNCITIONS -0

FIRE BOUNDARY CONCITION

FIRE(L) = 115C.000
FIRE(2) = ~Co
FIRE(3}) = =0
FIRE{4) = ~Cae
------------ NODAL FOINY TEMPERATURES —=wremcmec e -
N TEMP., N TEMP, N TEMP, N TEMP .
1 €EB.00 2 68400 3 68.00 4 68,01
) 68.08 € 68.94 7 7CeEC g 71.17
9 71.56 10 S1.21 11 199.03 12 7028
13 71.04 14 72.19 15 €8,00 1€ 68.00
17 68.00 18 68,01 19 €8.C¢€ ze €EEL2?
21 T7CeS5E 22 87.87 23 198.64 24 63,00
25 €8 .00 2€ 68.C0 27 €EL,01 2€ 68,04
29 €8,32 30 7064 31 87 .60 3z 198441
33 68, C0O 24 68,00 35 €E8.01 3¢ 68,01
37 68,05 38 68,34 39 7Ca.E2 ac £7.€6C
41 198.41 42 6R.04 43 €8.C4 44 68.04
45 68,07 4€ 6. 14 a? €42 4€ 70.71
49 B7.£5 50 198.46 51 68,22 . 82 68,32
53 68.2323 54 68,35 55 6G. 06 S€ 71.93
57 69.69 58 7243 59 7C.E5 €C 72.3¢
61 74.21 62 88.10 63 19€.87 €4 70462
65 70462 66 7C.63 £7 7C.€€ €E 70656
69 T72.53 70 72 .80 71 73.75 7 74.23
73 92.C9 74 20C.71 75 87.60C 76 87.60
77 87.60 78 87.61 79 €7.74 EC 73.47
81 90.11 az 73.16 83 Gl .64 B4 74.16
85 7559 8€ 10€.€1 a7 2l14.4C eE 168,40
a9 193.40 a0 198.40 91 198.43 g2 198.€°%
93 196,02 G4 2CC. 84 95 214,37 G€ 317.37
—————————————— TEMPERATURE OF 2-D ELEMEATS --—--rmemawam---
N TEMP, N TEMP, N TEMP, N TEMP.
1 68.C0O 2 68,00 3 68,00 4 68.04
S 68,.,3€ € €G.57 7 7C. 78 E 71 .48
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13
17
21
25
29
33
37
41
45
as
53
57
61
65
€69
73
77

- L]

0 SYSTEM [TERATICNS WERE FPERFCORMED
Ce ITERATIONS WERE PERFORMED

3 Be

8C.71
68.00
68420
68400
68.19
68402
68,24
68,18
68.83
69.47
71.02
82.16
73.88
7911
76406
B7413
143,901
153,36

PUNCHING ELEMENT DATA

10
14
18
22
26
30
34
3e
42
46
S0
54
58
62
66
70
74
78

144,16
68.00
69.48
68,00
©9.48
68,02
6G,£3
68.18
6G.52
69.48
7078

144,54
72.98
79.11
81.11

153.45

143.11

213.19

11
15
19
23
27
31
s
39
43
47
51
5
59
63
67
71
7€

L4 L]
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82427
143,00
142,88

12
1€
2¢
24
cE
32
2e¢
a0
44
4E
52
ce
60
64
€E
72
7€

75 .42
68,03
142.12
68.03
143,.C0
68 .07
143,02
68.41
143,27
€S. €€
76 .63
73.038
T4.432
7914
E7.CC
143.00
145,40



SAMPLE PROBLEM 2 - COLUMN WITH SPIRAL

The second sample problem is a circular column with longitudinal and
spiral reinforcing which is uniformly exposed to fire. The dimensions and
configuration of the column are shown in Fig. B.6. The column is subjected
to each of the two fire curves discussed in the previous sample problem, the
ASTM E-119 long-duration, moderate intensity fire (Fig. B.3) and the SDHI
short-duration, high intensity fire (Fig. B.4). The fire boundary is
modeled nonlinearly as in the previous sample problem. Both material pro-
perties and the boundary properties are given in the sample output in Table B.4.

For each fire curve two analyses are made:

1. A three-dimensional thermal analysis which is capable of modeling

the effect spiral reinforcing has on heat flow into the column's
interior. Due to symmetry only the wedge-shaped portion shown in
Fig. B.6 need be discretized into elements. The mesh chosen is
shown in Fig. B.7. Both the input data (Table B.3) and the output
(Table B.4) is given for the first three time steps of the SDHI
fire analysis. The temperature distribution within the column
after one hour of fire exposure is shown in Fig. B.8.

2. A two-dimensional thermal analysis which ignores the effect of

the spiral steel on heat flow into the column's interior. A

mesh of two-dimensional quadrilateral elements which is equivalent
to the three-dimensional mesh is defined by the top surface of the
wedge-shaped mesh in Fig. B.7. The temperature distribution within
the column after one hour of fire exposure is shown in Fig. B.9.

The time-temperature history of the longitudinal reinforcing bars is shown
in Fig. B.10 for each of the four analyses conducted. Note that the steel
spiral does considerably affect heat conduction into the interior of the

column.

The SDHI fire analyses required 80 time steps for two hours duration.
The three-dimensional analysis needed 902 seconds of central processing time
(CDC 6400) and the two-dimensional analysis 62 seconds. For the ASTM fire,
120 time steps were needed for a two hour analysis. The three-dimensional
case consumed 1520 seconds of central processing time and the two-dimensional

case 105 seconds.
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FIGURE B.10 TEMPERATURE-TIME HISTORY IN REINFORCING BARS
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o 8 21 g
%% CIRCULAR COLUMN [WITH 1/2 fNCH SPIRAL
NODES »220,p
1 Ofs . s
3 0. 0. 1042
'y 0le 0. 1250
5 1646 -2 0261 de
7 . 1646 ~s0261 «1042
8 . 1646 -+0261 .1250
9 1667 O > 8
11 L1667 O 10482
12 P 1667 O. « 1280
13 1646 .0261 Ole
15 1646 . 0261 .1042
16 <1646 . 0261 . 1250
17 22469 -.0391 0.
19 . 2469 -+ 0391 «1042
20 «2469 ~e 0391 1250
21 s 27500 0. O«
23 » 2500 O .1042
24 «2500 O. «1250
25 e 2869 « 0391 d.
27 «?2869 0331 1042
23 e 2469 « 0391 «1250
29 3292 -.0522 d.
a s3292 ~a0522 1042
32 3292 - 0522 .1250
33 «3320 ~-e0302 ole
3s . 3320 -.0302 «1042
36 3320 -.0302 «1250
37 +3333 Oe 0l.
a9 3333 0. «1042
40 3333 0. «1250
41 3292 0522 0.
43 «3292 « 0522 1042
34 3292 0522 «1250
a5 L1115 - 0652 Ole
47 4115 -2 0652 «1042
ag e 4115 -~ 0652 1250
‘9 04140 ‘—'0377 00
s1 e4 149 ~-e0377 »1032
52 4149 —~a 077 1250
53 l‘l67 00 o.
55 L2167 0. 1042
56 «a167 O. . 1250
57 e4115 0652 Ofe
59 s 4115 . 0652 <1042
60 115 20652 + 1250
61 8733 -. 0749 O}
63 4733 ~e 0749 .1082
6a 4733 ~e 0749 1250
65 e 4772 —-. 0434 ofe
67 4772 - .08 34 «1042
68 4772 ~+ 0434 «1250
69 4792 [ q.
71 ea792 q. <1042
° ) 3 e

3-D ANALYSIS *=%

TABLE B.3 INPUT FOR SAMPLE PROBLEM TWO
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e 8 3 g
72 4792 ols « 1250
73 .4733 . 0749 Ole
78 4733 . 0749 . 1042
76 «4733 0749 «1250
77 . 5350 ~. 0848 of.
79 +5350 -.0848 . 1042
ao «2350 -+0848 «1250
a1 . 5394 -. 0492 a.
a3 .5394 -.0892 1042
aa . 5394 -. 0492 .1250
as «H5817 O Ols
67 » 5417 Qs «1042
ea 54817 [+ « 1250
89 « 5350 «0848 Ole
91 <5350 0848 1042
92 .51350 . 0848 1250
Q3 « B850 -«0927 Qfe
95 » 5850 -+ 0927 1042
96 5850 -.0a27 1250
ST « 5899 - «09537 Ole
99 «H5R99 -«0537 « 1042
100 «5899 -0537 1250
101 5523 0. ol
103 5923 0. . 1042
104 .5923 0. 1250
10s . 5850 » 0927 Ol
107 .5850 0927 1042
1c8 . 5850 . 0027 .1250
109 0262 - +0992 Ofe
111 . 6267 -+ 0992 1042
112 6262 -. 0992 «1250
113 63148 -.0575 ole
115 L6314 -. 0575 .1042
116 .6314 ~e0575 1250
17 5340 O ole
119 - 6340 0. L1042
120 6340 0. +1250
121 6262 « 0992 0le
123 6262 .0992 .10a2
124 6262 + 0932 « 1250
125 6673 1087 ol
127 6673 -e1057 1042
128 6673 -.1057 21250
129 6729 -40613 ole
131 « 6729 ~e0613 «1042
132 6729 -~ 0613 . 1250
133 BTST 0. ol.
135 L6757 0. 1042
136 «6TST O J1250
137 «6KT3 <1057 Ole
139 «HOET3 « 1057 « 1042
140 6673 1057 « 1259
141 s HII6 -+1108 Ofe
143 + 5996 -+1108 «1C42
144 6996 -.1108 .1250
145 « T0HH 1.064? Ol«
o o o ©
= « m <
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Q & R 4
147 . 7054 ~.06a2 L1042
148 . 7054 -2 0642 L1250
149 +7083 0. ol
151 . 7083 0. .1042
ts2 +T0R3 0. . 1250
153 $ 6596 J1108 ol
158 +6596 .1108 . 1042
156 £6996 «1108 .1250
157 . 7408 ~s1173 0l
159 .7408 -e1173 .1042
160 .7408 -e1173 .1250
161 «7459 ~< 0680 .
163 . 7469 ~+0680 .1042
164 . 7469 -. 0680 .1250
165 « 7500 0. o
167 . 7500 0, L1042
168 . 7500 o. L1250
169 .7408 .1173 of.
17 .7408 1173 1042
172 .7408 £ 1173 «1250
173 .7819 -.1238 . ol
175 7819 -.1238 . 1042
176 7819 -.1218 « 1250
177 . 7884 -.0718 ol
179 . 7784 -.0718 .1042
180 . 7894 -.0718 <1250
181 . 7917 0. 0l
183 STIT 0. . 1042
184 « 7917 0. <1250
195 .7819 .1238 o,
187 « 7819 .1238 .1042
188 . 7819 .1238 . 1250
189 .A025 . -.1271 ol
191 . 8025 -a 1271 L1042
192 «R02S - 1271 . 1250
193 +8092 -,0737 of.
185 . 8092 -.0737 .10a2
196 .8092 ~-a0737 «1250
197 . 2125 0. ol.
199 «A125 N, . 1042
200 .3125 0. .1250
201 . 8025 1271 d.
203 8025 .1271 L1042
204 «8025 1271 .1250
20s .8231 -.1303 d.
207 a231 -+1303 .1042
208 . A231 ~.1303 .1250
209 . 4299 -.0756 o
211 . 8299 -20756 «1042
212 « 8299 -.0756 .1250
213 .8333 0. ol
215 .A8323 0. <1042
216 .8333 0. <1250
217 . 8231 «1303 0.
219 «8231 .1303 1082
220 <8231 .1303 .1250
= Q' 3 g

B-38




) 8 8 e 8 3 g 2
ELEMENTS 01, 0,120
1 1 5 9 9 2 6 10 10 1
4 1 9 13 13 2 10 14 14 1
7 E 17 21 9 6 18 22 10 1
10 9 21 24 13 10 22 26| 14 1
13 V7 29 33 a3 15 30 34 34 1
16 17] 33 37 21 15 34 39 22 H
19 21 37 41 2s 22 as 42 26 1
22 29 a5 49 33 30 46 50 Ja 1
25 3 49 53] ar 34 50 54 Je 1
28 37 53 7 a1 3y sS4 58 az 1
a A5 61 65 49 a4 62 66 S0 1
34 a9 65 64 53 50 66 70| S4 1
3r %3 69 73 57 € 4| 70 74 58 1
a0 61 7 81 65 62 78 82 66 1
a3 65 81 Be €9 66 a2 8¢ 70 1
46 &9 85 no9| 73 70| 86 SC 74 1
a9 77 93 S 7 81 8 94 9g a2 1
52 a1 97 101 8s 82 98 102 a6 1
55 85 101 109 89 86| 102 10e 90 1
58 93 109 113 97 94l 110 11a 98 2
6t 97 113 114 101 9 114 118 102 1
64 101 117 121 105 102 118 122 106 |
67 109 125 129 113 110 126 130 1ta 2
70 183 129 133] 117 114 130 134 118 1
73 117 133 1370 12y 118 134 138 122 1
76 125 141 148 129 1268 142 14¢ 130 1
78 127 t1a3 147 131 128 144 148 132 ?
79 1290 145 149 133 130 146 150 134 1
a1 131 147 tsy 135 122 148 152 136 2
82 133 149 153 137 134 150 154/ 138 1
84 134 151 158 139 136 152 15¢ 140 2
85 18y 157 161 1a5 142 153 162 146 1
88 1as 161 165 149 148 162 166/ 150 |
91 149 165 1éd 153 150, 166 170 154 1
9a 15?7 173 17?7l 161 158| 174 78 162 1
Ss7 1c1 177 t8 165 162 178 182 166 1
100 165 181 198 169 166l 182 186 170 1
103 173 189 193] 17?7 174 190 194f 178 |
106 177] 193 197 18t t7°F 194 1A 182 1
109 181 197 201] 185 182 193 202 186 1
112 189 205 2¢9 193 190 206 210 194 1
115 193 209 213 197 194 210 214 158 1
118 197 213 217 201 198 214 218 202 1
120 199 215 2194 203 2c0 216 229 204 1
MATERIALS 2
4 o 0
0.0 0.90 390.90 Ce SO 165040 0.506 3000.0 0.506
0272
150 .0
3 4 0
0.0 30, 04 110040 19490 3000.0 19.90
0.0 0+107 750.0 Oelaa 2 100.0 0.172 300040 0172
ARO. O
FIREL0,0,9,1
NCNL I NE AR
o o o Q o o o [e)
- [y L] < in w ™~ ]




1«7E~9 460.0
27 125
SURFACE.0,0,9
205 209 210 206
207 211 212 208
210 214 215 211
213 217 218 21s
215 219 220 2té
EXOTHERMIC,0,000,0

CONVERGENCE
3o + 005

STEP 0 0.0
SYEP 1 « 028
STEP 2 «025
STFP 3 « 025
SYEP 4 « 025
STEP L « 025

- g e e

-e25

206
209
211
214

P s e ee g

68.0
347,600
627.200
906.800

1060.000
1150.000

210
213
2198
218

B-40

211t
214
216
219

0«9

207
210
212
215

- T o s

- -
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A THERMAL ANALYZER FCR THREF-CIVMENSICANAL SYSTHMS,
wWITh TEMPERATURFE-DEPENDENT THERMAL FRCFERTIL S,
SURBJECTED TO A FIRE ENVIRCANMENT
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B R Aoy A W ook A KR Ay doyeag i d v b ok ok M ol sl ot ool ookl T Fea oo ook ek a h W ok N s kY 5 v e

TABLE B.4 OUTPUT FOR SAMPLE PROBLEM TWO
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IBZE SRS ESTEEE G PASAREREEE A EREER SRS RS EREEEEEE RS ET SRR LML
FIRES-T2 - FIRE RESPONSE OF STRULCTULRES - THIRMAL
% CINCULAR COLUMN WITH 1/2 [INCH SFIRAL -~ 3-0 ANALYSIS #%
CECMETRIC DESCRIPYICN GF SYSTEM TC 8E ANALYZED

A fea ok % b ook ok o s ok B w b v otz ool oKl o sk 76 e o ok e ok e s o o ok o 3 ok o ok ob o o ok ok ol ok ok ko R R

e = o o THERE ARE 220 NODAL FCINTS 4 o o »

NODAL CCCRDINATES BCUNC2ARY
FOCINT i X Y z CCNDITICN
1 O Qe O FLCwW
2 O D e 521 FLOW
2 T O 1042 FLCW
4 Coe Q. s 1250 FLCW
>4 o164 ~e(32H1 Ce FLOW
H s 1€£464 -~e L2261 «CH21 FLOW
7 e1646 -a0261 «1C42 FLCHW
a s 1645 ~e0201 1250 FLOW
9 s 1CR7 Oe Ce FLCOwW
10 e1667 O ' 20521 FLOW
11 e 16FR7 O 1042 FLCw
12 e 1667 0 «125C FLOW
12 s 146 22261 0. FLOW
14 «1h46 «C2€ 1 « 0521 FLCWw
15 e 16456 0261 «1C4A7 FLMw
16 « 1046 +C261 «125C FLOW
17 e 2469 -+3301 Coe FLTw
18 « 2069 -eN33% 0521 LW
19 «24€09 - C3€C1] e 1042 FLCw
20 246G -+02391 «128¢C FLO®w
21 ¢« 2500 O. Qe FLCwW
22 « 2500 Ooe 0521 FLOW
23 « 2900 O e 1042 FLOW
24 « 280C Do e175C FLMw
25 e 26T 0391 Qe FLw
26 e 2464 « 191 521 FI.CW
27 s 24H9D « 0391 «1Ca4ac FLOwW
28 e 2GHD e ) 291 « 1250 FL W
29 «32G2 -+ 2222 Ce FLOW
30 « 3202 —-s2022 «0H 21 FLOW
31 o 1292 -« 0922 e1042 FLCW
22 e 3292 —eN522 «12€C FLOW
13 « 3320 -+0302 O e FLLOW
34 « 2329 -« 2202 s 0521 1w
35 « 3320 - (02072 ‘e l4Z FLOW
3¢ « 2320 -+ £3N2 1250 FLOC
37 e 31334 Do Ce FLOwW
18 e 3337 0. « 0521 FLOW
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39
49
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
36
57
58
59
6C
51
62
&3
Ha
€5
66
67
£8
69
70
71
T2
73
T4
75
76
rT
78
T4
3C
21
82
23
a4
5
8h
87
98
B9
90
91
92
93
94

« 31337
« 3333
« 3292
e 3292
.« 3292
« 3292
4115
v411E
4115
«411€c
41493
4149
«4149
«4149
4167
w4167
4167
« 4167
4115
s 4115
+4115
4115
«4733
« 47373
«4723
e4733
772
«A772
«4772
8772
4732
e4792
e 4792
«4792
«4732
«8733
« 4733
4723
«5350
« 52ED
« 5359
53350
«5136G4
5 394
5204
« 5 2G4
5417
e D417
5417
«Ha417
«£350
e 9150
« 57350

05350

¢ 5350
« 5850

O.
0.
« 822
0522
« 0522
0522
-+ 0652
~e 2652
~ 60652
-e 0632
0377
« 0377
«C377?
—«0Q0377

«0652
20652
«CHS2
0652
-« 0743
-e0749
~s 0749
«C7493
-4 34
«Ca34
«04 34
+Ca34a

i

D00 o |

« 0749
« L7740
0749
s+ 0746
B4R
e CH48
«TR4RB
«08348
« 044972
--GQQ?
-«0432
«C812

i

{

[
»
(o)
's)

~
-~

104z
«1250
C.
«0521
+1042
«12€C
Oe
« 0521
«104°2
o 1250
0.
« 0521
«1042
«1250
0.
«0821
«1042
»12%0
O.
« 0521
e 1042
#1250
O
« 0521
«1042
1250
O.
« 0521
«1042
«1250
Ce
« 0521
1042
«12EC
O
«C521
«10a¢
1250
c.
0521
«12%0

Ce

o CET
10472
«125C
O
« 0521
1047
1 25C
(VIS
0521
1042
«+ 1250
(S I
-« 0521

FLCw
FLMw
FLCw
FLOw
FLCwW
FLOw
FLDwW
FLCwW
FLDw
FLCwW
FLCWw
FLOw
FLCw
FLOwW
FLOW
FLOW
FLOW
FLOw
FLMw
FLCw
FLGW
FILOW
FLCw
FLOW
FLCw
FLCw
FLOw
FLCw
FLOwW
FLCW
FLCw
FLDw
FLCw
FLOwW
FLOCwW
FLCw
FLOW
FLCw
FLf W
FLCw
FLCw
FLOW
FLOwW
FlLOw
FLUWN
FLCw
FL Ow
FLCw
FLOwW
FLOW
FLOwW
FLOwW
FLOW
FLOwW
FiLNw
FLCw



S5

96

g7

98

Qg
1CC
101
102
103
104
1¢S5
10€
1C7
1¢8
109
110
111
112
112
114
11¢
11&
117
i1
119
120
121
122
123
124
125
126
127
128
129
130
131
132
132
134
135
16
137
128
139
140
141
142
147
144
142
146
147
148
149
150

« 5850
e 585N
« 384G
¢« 5899
25899
s 53899
«5G23
5923
« 5923
«H923
« 5850
«95RHK0
e HAS0
s 5R50
5262
« 026D
s EDFRD
e 6262
«+H3214
+HA1Y
«H3I14
«eH314
«&34°0
«6H340
65340
« 6340
e E2E2
e 262
e 262
262067
e HOT3
s FETH
«eHH6T3
e EETR
672G
[} 67?(}
. FT2G
«aH729
«ETH7
eHTHT7
e 6757
e ET7H7
«HBTTR
« HETT
e HHT R
«eHHTH
e EGGF
«HAA6
e HG G
«HGTE
07Ot)4
«e 704
«TQ54
« 7054
e 70813
« 7081

« Q0927
G277
«NO27
0927
~ 0992
-« 0692
«09G2
e D992
0875
e 1575
«CHB7S

!

i

QOO C

[ S B |
e ® @
[*B¥e el
P (e
L
w e W

o 0 00
.

w1057
+ 1057
1087
= 1957
-« 110R
-+110A4
~«1109
+ 1108
- o064 2
—~ s CEAL2
-~ eDHAP
— e CH AP
0.
0.

!
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«1C42
1250
O.
« 0821
21042
«125C
Coe
«0521
e1C42
e125C
Oe
2521
e 125C
Coe
0521
s 12€C
0.
0521
1042
«12EC
O
« 0521
«125EC
C'
0521
«1042
« 1250
Qe
+ L5521
e1N47Z
« 1250
Ce
2« 0521
1042
«12€0
Oe
« 0821
1042
e12=C
Ge
eCH21
o 1 "G
«12FC
Coe
«+ 0521
«104¢
e 1250

~
- »

0521
s1Ca2
1250

FLCwW
FLOw
FLOS
FLCw
FLO
FLCw
FLCW
FLOW
FLCw
FLOW
FLCW
FLOW
FLOW
FLCWw
FLCw
FLCW
FLOw
FLOw
FLOwW
FLOwW
FLOW
FLOCw
FLOw
FLCw
FLOW
FLCw
FLCw
LYW
FLOw
FLOwW
FLOw
FLCw
FLOW
FLOW
FLOwW
FLDOwW
FILOw
FLOW
FLOw
Fi.Ow
FLOw
LT
FLOw
FLOW
FLOw
FLOW
FLOw
FLOW
FLCw
FLCw
FLOW
FLOW
FLOw
FLCw
FLCw
FLOW



151

1582
153
154

15%
156
157
158
159
160
161

162
163
164

165
166
167
168
169
17¢
171

172
173
174
175
176
177
178
179
180
131

122
182
184
1ES
186
187
1813
189
19¢
191

192
193
194
195
196
197
198
199
200
201

202
203

204

205
206

«+7083
7083
« 6996
« 6996
e 5GGH
«6996
« 7408
7408
«7408
s T4 0P
27469
e 7463
o?Aﬁq
«e TA4EQ
e 7500
«7T5CH
« 7500
« 7500
e 740R
« T4 OF
e 74018
e 7408
e 78109
+ 7R19
«7819
« 7819
s 7884
« 7884
. 7884
e 7R84
« 7917
e 79317
« 7917
« 7917
« 7819
«781%
7819
7819
«802%
s 8025
«8025
8025
» 8092
«80G7°
« 8092
« B092
81245
81253
«8125
+8B12%
+ ANZH
« 8025
. 8024
« 8025
« 8231
«R231

0.

Oe
«1108
«1108
«1108
«1108

-e1173

-+ 1173

~=1173

~-«1173

‘.0680

-+ 0680

-+ C€8C

~-+0680

O

0.

Oe

C.

« 1173
1173
+ 1173
1173

~e 1228

-e122328

~e1238

-+12319

0718

-."718

‘00718

‘00718

O

«1271
«1271
1271
«1271
~e1303
-«13C3

B-45

1042
«1250
C.
20521
«1042
«12EC
0.
« 0521
«1042
«12S0
c'
« 0521
«1042
#1250
O

—

nY

nesm

«C
ol
o1

N O

o

14

O
0521
« 10472
«12%0

Ce
«0521
«1042
« 1250

Qe
«C521
«1C42
«12%C

Coe
+ 0521
o 1 042
«12°0

O e
0521
«104¢
«1250

Coe
«0H21
e 1047
«12%0

Ce
0521
1042
«12€0C

Oe
« 0521
«104¢
«125¢C

Ce
« 0571
« 1042
« 12€C

O
« 0521

FLOw
FLOW
FLCw
FLOW
FLCW
FLOw
FLOW
FLCWw
FLOW
FLCwW
FLOW
FLLOw
FLCw
FLCOw
FLOCA
FLOw
FLOW
FLOwW
FLOW
FLCW
FLOW
FI_TW
FLLW
FLOW
FLCOW
FTLOw
FLOWw
FLCw
FLOW
FLCW
FLOW
FLUW
FLCW
FLOW
FLOW
FLOCwW
FLOW
FLCw
FLOCW
FLCwW
FLOw
FLOW
FL Cw
FLOwW
FLOw
FLCW
FLOW
FLCw
FLOW
FLCw
FLOW
FLOW
FLCw
FLOw
FiLLOw
FLCW



207
208
209
210
211

212

213

214
215
216
217
213

219

2290

LMY

OB NOU DLW -

24
25
26
27
23
29
an
31
32
33
3a

18
19
21
2
23
25
30
J1

=

14
35
a7
38
ag
45
46
47
49

THE RE

~N oy

0

11
17
18
19
21
22
23
2
30
21
33
34

K

37
39
45
4 ~
47
a9
S0

o3
4
59
61
£ 2
€3
65

8231
«82721
. 3299
« 8299
32929
« 329G
«3333
e53333
e83273
«3337
« 2731
«B231
« 83231
« 8221

ARQE

1C
11
13

14

21
22
23
25
2¢
27
31
34
35
37
33
30
41
4z
43
A G

50,

51
53
D4
S
57
58
50
65
6 ¢
&7
69

120

10
11
13
14
15

10
11
13
14
15
23
34
aL
21
22
23
25
P &
27
73
a4
15
7
asg
19
al
42
43
44
=G
1

1K

- 1103
-+1303
~eQ756
- 078E€
~+0756
- 075(’

0.
0
0.
0.

«1 3073
«13C13
«1303
«» 1303

3-0 ELEMENTS

=

el
OV NP WS WN

- -
D N -

19
z0
13
19
20

-

Z 3

B-46

24

&2

€4
66

10
11
12
14
i5
16
22
22
24
2€
27
23
24
25
3e
2R
39
40
42
43
44
50
€1

52

€C

«1042
«12%C
O
521
1042
«1250
Ce
«0521
«1042
«12E5¢C
0.
« 0521
» 1042
«12€0

S MAT

1C
11
12
14
18
1€
10
i1
12
14
18

16

2e
3¢
22
23

24
2€

KB

Mt b M s P s bt M gt PS g e ek 2 ps gt heb e P e bt B et i Rt s M gun P e e R

FLOw
FLCWw
FLOw
FLCw
FLOw
FLCW
FLCw
FLOW
FLCw
FLOW
FLCwW
FLCW
FLCw
FLCw




3s
s
37
38
39
40
a1
a2
a3
a4
as
4¢€
47
48
49
50
51

52
53
5S4
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

82
a3
84
as
86
87
A8
89
30

1C1
102
103
1C9
110
111
113
114
11€
117
118
119
125
126
127
129
130
131
122
134
135S
141
142
142
145
La6a
147

€€
67
6G
70
71
77
78
79
81
82
az
85
8¢
R7
53
94
G5
c7
98
a9
101
102
to3
109
110
111
113
114
115
117
118
119
12¢
126
127
129
130
1211
133
134
135
141
142
143
145
146
147
149
150
151
187
158
189
161
162
1£3

70
71
73
74
75
81
82
a3
85
8¢€
87
83
S0
S7
9A
99
101
1C2
103
10¢&
106
t07

113

114
118
117
118
119
121

t22
123
129
130
131

133
134

125
137
133
139
1473
146
147
149
150
151

152
154
15%
1€1
162
162
1€5
1L6€
167

54
55
€7
58
E9
€<
66
£7
6Q
7C
71
73
74
75
el
A2
a3
8s
26
E7
£S
90
<1
7
98
GG
101
1c2
102
105
1C€
107
12
114
115
117
118
119
121
122
122
129
130
131
133
124
125
127
138
136
14%
146
147
14¢
1350
151

51
52
€4
5%
Se
&2
63
64
66
67
ée
70
71
72
78
7%
30
8z
az
84
g¢
N4
{a¥s]
G4
95
S6
98
99
100
102
163
104
110
111
112
114
115
11€
118
119
12¢
126
127
128
130
131
132
134
135
136
142
143
144
146
147
148

67
A8
70
71
72
78
79
3¢
R2
a3
84
86
e7
a8
94
G5
96
98
q9s
109
102
103
104
110
111
112
114
115
1t1€
118
118
120
126
127
128
120
131
122
134
135
126€
142
143
144
146
147
148
150
151
152
1€8
159
160
162
163
1€4

B-47

71
72
74
7¢
76
82
a3
a4
g€
87
esa
S0
S1
g2
98
5

100

102

103

104

10¢€

107

108

114

115

11¢&

118

119

120

122

123

124

130

131

132

134

135

136

138

129

140

146

147

148

150

151

152

154

155

156

162

163

164

166

167

1€8

1¢C
1¢2
103
1Ca
106
1C7?
108
114
11¢€
116
118
119
120
122
123
124
130
131
122
124
t3¢&
13¢
138
136
140
L4€
147
148
1850
181
182

T e pun Pt e % AY e et N} b e A) ma g e el g b pe Bt D) N N e e se e R e N NS N T g e P s M e e b s M oy s b g Pt e e et s R e s



91

92

93

94

95

G5

a7

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
1143
116
120

149
150
151
157
1658
159
161
162
162
165
166
167
173
174
175
177
17¢
179
181
182
183
18¢
1390
191
193
194
19¢&
197
18
199

- [ )

165
166
167
173
174
175
177
178
173
181
182
183
189
160
191
193
194
1295
1¢7
168
199
205
206
Q07
209
210
211
213
Z14
€15

MAXTMUM BAKNDWIDTH

169
170
171

177
178
179
181
182
183
185
186
187
173
154
195
197
199
199
2nr1

202
203
209
210

211

213
2146
215
217
218
210

153
154
155
161

162
163
1€€
166
167
169
170
171

177
178
17¢
181

182
183
1E8
176
187
163
134
165
157
198
166
201

2c2
203

150
1€1
152
158
159
160
162
163
164
166
167
1E8
174
175
176
178
176
180
182
123
184
i1G6C
191
192
1G4
195
156
198
159
2C0

IS

166
1€7
168
174
17¢
176
178
179
180
182
1383
1€4
190
191
192
194
165
196
1983
169
200
20¢€
207
208
210
211
212
214
215
21€

27
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170
171
172
178
174
180
182
183
184
18¢
187
188
1G4
195
18¢&
138
166
200
202
203
204
210
211t
212
214
215

216

218
219
22¢C

154
15¢
15¢€
162
1€2
164
1€€
1€7
168
17¢C
171
172
178
179
180
182
183
184
186
1€7
1”8
164
16€
196
16¢
196

200

02
203

204
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tﬁ***ﬁ#t*t#**#**#**##***#*#*###m***##*t##**#i***&**#********
FIRES-YZ =~ FIRE RESPONSE OF STHUCTULRES - TFHERWMAL

#x CIRCULAR CCLUMN wiITH 172 INCK SFIRAL - 3-C ANALYSIS *»
THERNAL FRCFERTIES CF SYSTEM TC EE ANALYZED
THEFRE ARE 2 DIFFERENT MATERTALS

23 3 3 3% o 1k 3% ok 3 o o 3 o e e a v o o o ook ok ok o o B ok ok ook ok o 3 ok o v ot ok ok o e ol o ol e o o o el o K A R

» s o+ o MATERTIAL NUMBER 1 s s s e

e s o CONDUCTIVITY . « &

NODE TEMPERA TURE VAL UE SLCFE

1 O «900

Ce
2 3900 «900

; ~+313F-C3

3 1650 40 206

O
4 3007,.,0 «30E

» o o SPECIFIC HFEAT « » &

MATERTAL FPARAMECTER OF CONSTANT VAL LE e 275

e » o DENSITY + o« &

MATEFR 1AL PARAMETER (OF CONSTANT VALUE 1E8C.CCC

- L] L] » VAYI-RIAL h‘UMF’f '? 2 » L] - -

e o o CONLCUCTIVITY <« o &

NODE TEMPFRA TURE VAL UE SLCFE
1 De 3C«000
—eGlEF~-02
2 110040 19.900
Ce
3 3000 &9 1G.900
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e o o SPECIFIC FEAT o o o

\CDE TEMFERATURE VALUE SLCFE

1 Qe «107

«4932E-04
2 750 0 <144

«8BOCF~-04
3 1100.0 172

C.

4a 3C00e0 172

e o o DENSITY + o o

MATERT AL PARAMETER OF CONSTANY VALLUE 48C.000
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25k ok 3 b ok ool ok stk o ook sk oo oo ok oleok o ok ook ook ok ok ok ok R ok 3 o sk o te Ko i K A
FIRES-T2 -~ FIRE RESPONSE OF STRUCTUFES - T+ERMAL

*% CIRCULAR COLUMN WITH 1/2 INCk SPIRAL -~ 3-D ANALYSIS *%
NCN-L INEAR FIRE BOUNDARY CONDITICN

B ok 3k ok %k % 3 2k ok oh ok 3k e we o ok vk ok koo ook o o o ok dde X et ok o o o ok e sfeat ok e ke ol ok e o e e o e s kol ol 7 ok

C=AR{TF-TS)IAIN+SOAXYR{ ARYEFX(TF4TSHIFTI*24~F SH( TS+ TEHIF T)%x%x4)

WHERE
TF - PSUEDO FIRE TEMFERATLRE
TS = SURFACE TEMPERATURE

€8 - STEFAN BOLZTMANN COMNSTANT = «17C0E~-0Q8
FEHIFY — SHIFT TO ABSCLUTE TEMFERATLRE SCALE = 4€0 40
AND '
MAT  CONVECT CONVECT VIEW ARSCRAT FIRE SUPFACE
NUM FACTOR POWER FACTOR EMICSSIV EMISSTV
(A) (N) {v) (AE) (EF) (FS)
1 «27C le280 1. 00C «GCO «G00 «930

e« » o THERE ARE 2 3A-D SURFACE ELEMENTS EXBCSED TC FIRE .

DESCRIPTION NF SURFACE DIRECTLY EXPCSED TO FIRE

FIRESC  NOIDE NODE NODE NODE MAT  FIRE ARE A

SURF ACE I J K L TYPE TYPE
1 205 299 210 206 1 1 .0C3
2 206 210 211 297 1 1 .0C?3
3 207 211 212 208 1 1 «0C1
a 209 212 214 210 1 1 L0C4
5 10 214 215 211 1 1 .004
6 11 215 216 212 1 1 .0C?
7 213 217 218 214 1 1 0C7
8 214 21¢ 216 21« 1 1 .0C7
9 215 219 220 216 1 1 .0C3
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SRR ESEREREE SRRl E R R EEE R RS E R R R T
FIRFES-T3

FIRE RESPONSE OF STRULCTURES

% CIRCULAR COLUMN WITH

- THFERMNAL
172 INCH SFIRAL

3-C ANALYSIS »%
INFORNATION RELEVANY TC THE ANALYSIS FFRCCECURE

e % o ek Sl o o o e e ot ool e e b ok ok Sl ol o ok ok ok B o 38 ok ok o ok R o X o ok T o % e ok

CONVERGENCE CKRITERIA

CONVERGENCE CRITERIA FCRR BCUNCARY CCNCITICANS

PERMISSIFLE ERRCR «J0500
MAXIMUM NUMRBER OF TTERATICNS

= 30 EETA =

’02500

STORAGF REOQUIREMENT FCR RLANK CONMMOAN
SIZE ELANK CCMMCN

8923 (CECINAL)
02z12313 (OCTAL)

i
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FIRES-T3 - FfFIRE RFSPONSE OF STRUCTURES - THERMAL
*% CIKCULAR COLUMN WITH 1/2 INCH SPIRAL — 2-D ANALYSIS %%
INITIAL SEQUENCE NUMBER [ ¢ 0 AND INITIAL TYIME IS Ce.

% ok o o o e o ol e o K g de ook ekt ook o ol o ol sk kol v o o e ol o ok e st ook o ok ol e ok o o ok ok ok ok ok ok ok R % ok

———————————— NODAL PCINT TEMPERATURES =~~reccmmccccea—a

N TEME., N TEMD N TEMP, [N TENME,

1 62,00 2 68.00 3 68 .00 4 68.C0

£ €8,00 & 68400 7 €8.00 a 68.00

9 63.00 10 68.00 11 €€.C0 | 4 EBL 0
12 €8.00 14 6R.00 15 €800 16 6800
17 £€8.00 18 €. CO 19 €E€.CC e 63,00
21 €83.00 22 63 .00 23 €8 .00 24 68.CC
25 €84.00 26 68,00 27 68400 28 AR DO
29 68 .00 30 68.00 31 €E.00 e 68.C0
23 €8, 00 34 68.00 35 68400 36 68 .00
37 €8,00 32 69, €0 34 E€EFL0C 4C 68.00
41 68400 42 68.00 43 68.00 44 68.0C0C
45 €8.00 4€ 62.00 47 €8,00 48 585,00
ac 684,00 50 68.09 €1 €E.CO €2 6P, CC
53 684, CO 54 68,00 55 €E,00 56 A8 I0
S7 €8,.,00 5¢ 68400 56 €EL.CC &C 6R.CO
61 68,00 62 6AR.00 63 68400 64 6H84C0
€S €E2.00 46 68.C0 67 £8,00 .8 658460
6C €83.00 70 68400 71 €E. 00 72 68.00
732 €8.C0 T4 68400 75 ER.O0C ¢ 583 .00
77 €R,00 7@ 68.,C0 76 EEL.CC ac 62,00
81 68,00 82 6R.00 873 6E.00 84 68.CO
as €8,00 86 68.00 37 68,00 84 68.00
39 €8,00 90 68.00 Gl €EL QO Sz 6R. 00
93 €, CO 94 68,00 95 €fL,Q00 G€ 68 .00
S7 €R .00 9R 68.CO A €t CC 1cc 58400
101 68,00 i02 68,00 103 8,00 104 A8.CC
105 €EL 00 10€ 68.C0 107 6GE,00 108 5800
109 €3,.,00 110 68.00 111 €L GC t12 GF.CC
113 €ELCO 114 68400 1is 6E8,CO 116 68,C0
117 £8L.,00 11A &€, 00 11¢ EELCC 12¢C 400
121 68 .00 122 68400 123 €€,CC 124 68,00
125 €EELCO 128 ©E.CO 127 6E .00 128 HB N0
129 €R”.,00 133 68,00 131 6E€. 00 13z 6R.CO
123 €€.CO 134 68400 135 €8.00 13¢ EF,CC
137 €8.,00 138 68.CO 136 €E.NQ 1aC 6AR .00
141 68 .00 142 68400 1432 £€E€.CC 144 68.CCQC
142 EELCO 146 68.CO 147 EEL00 la# HnB.0C
149 6R.00 150 6F .00 151 €£.00 1e2 6FR.0C
152 €EE€.CO 154 63.00 155 t€£.00 1€¢ €84,CC

157 €8.00 1R 6€.CO 156 €E.CQ 16C 68.00
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11
165
166
172
177
1 €1
185
189
162
197
201
235
209
213
217

€86 CO
€8.C0O
68.00
€84 00
68.00
68400
€8,00
68,00
ERLCC
£8 .00
€8,00
€8,.,00
68 .00
€84, CO
63.00

162
166
170
174
178
132
186
190
194
128
202
20€
210
214
218

68400
K8, CO
68400
684 CO
68400
684,00
€E8.CO
6800
6800
£8.00
68400
€2.,00
68.00
68.00
68,00

163
167
171
175
179
133
187
191
195
166
203
2e7
211
215
S
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6E€00
€ELCC
€EeCO
68,00
€E.CQ
68400
€EL.CO
EEL00
€8.00
et CC
€8.,00
£EELCC
68400
£8.00
€E€.QC

164
168
172
17¢
18C
184
1PE
192
196
2G¢C
204
2CE
212
216
2eC

58..00
68,00
68eCC
68.C0
HELCC
HRAL 0D
68.CC
HH.00
68.,CC
68,00
R, 00
68.C0O
H8L,00
68, CQO
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FIRES~-T2 - FIRE RESPONSE UOF STRULCTLRES - THERMAL

*% CIRCULAR COLUMN WITH 1/2 INCH SFIRAL - 3-0 ANALYSIS #*x

TIME STEP MNUMBER t - TINF «025 - TIME STEP «025

ok 32 e o ke o o o o o o one o ool e s ol ok oo ool ol ol b ok o a ok ok A R ok oh o ok o ook ok kol sk b

NUMBER OF NON-ZERQO FLOW OR YEMPERATURE CONDI TIQGONS -C

FIRE BOUNDARY CONDITION

FIRE(1) = 2474600
FIRE(Z2) = =G
FIRE(3) = ~0e
FIRE{4) = =0

------------ NCDAL FOINT TEMPERATURES ==-=—mmeemmee—e

N TEMP, N TEMP, N TENE, N TEMF

1 68 .00 2 68,00 3 €E.CC 4 68.C0

€ €E.00 & 68400 7 68.00 8 68,00

S 68,00 10 €R,.CO 11 EEL.CQ 12 68400
13 68400 14 58.00 15 68400 1€ 6R.CO
17 €EEL.CO 18 68,00 16 €E.CC 2cC AR L00
21 68 .00 22 68,00 23 EE£.CC 24 68.CO
2 £B.CO 26 68.00 27 68 .00 28 658402
29 €8,00 39 6P L,C0 3 €8.0CC 32 68400
33 £8.00 34 68.00 kL] 68 .00 e EBa.CC
37 68400 18 68,00 3q €E.0C 4C 58400
41 68400 42 6R .0 43 €ELCC 44 EFLCO
45 €8,.00 4 € 68.00 47 6F 00 an 6£8.,0C
49 £8,00 5C 658,00 81 €EE.CC E2 6R.CO
3 €8.00 54 68.00 55 EE 00 € 68.CC
57 €8.00C 58 68400 59 €f.00 €£C 68,00
61 68.00 62 6R,00 63 EELCC €4 €8,C0
&5 €8.00 €& 6840 a7 €68.00 X! 68.C0
69 €R.00 7¢C 68, C0 71 €ELCC 72 GR 0D
73 €8,CO 74 68400 75 €8 .00 7€ 68.0C
77 £R,00 78 684 CO 7S €800 &8¢ 68,00
81 68400 32 68,00 83 €E.CC g4 68,00
s 68400 A6 68400 87 68 .00 B8 58 400
39 €R .00 ac 68.CO 91 E£8.CC cz 58,C0
93 63.02 94 68.02 95 €€ .02 S €& 68.C2
97 8,02 98 658,02 99 68,02 1CcC 68,0
101 63400 102 68.00 103 ££.0C 1C4 6840
1¢5 £8,00 106 67.00 107 68.00 108 68,00
109 €8,02 110 68,02 11 EELC3 112 68B.C23
113 6R.02 114 68402 115 6€ .03 t1n 68.C3
117 €E.O1 118 6E. 01 119 £8.01 120 68,01
121 €8.01 122 68.01 122 EELC1 124 £ReC1
125 ER,. 02 126 68402 127 668404 128 58 .04
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129
133
137
141
142
149
162
157
1€1
165
169
173
177
181
1%
189
163
197
201
205
209
213
217

——— i ———

NNV N =
OO e N BN e P

32

68.03
€8, CH
€E8.04
€€e13
68.13
68413
€EL 13
E8.62
EBL62
68.€2
68 .62
70.96
70.97
7C.G8
7C+G8
75 «49
75451
75452
76852
£2,.73
85 .74
FSe74
B85.75

—— - —

TEMF.
€E.00
68 .00
68400
£8.00
&E8.00
EBLCO
68600
€8.00
£8.00
6800
€€.CO
€ERL00
E8.01
€8.01
68,00
€ELQ1
68401
€84C3
€ER.,02
68,07
€EELC7
EBL37
£€8+36
€8.,35
69 .80
65«80
73223

130
134
138
142
14€
150
154
158
162
1€6
170
174
178
182
18¢
190
194
198
202
20¢
210
214
218

68,03
68,C3
68,C2
6813
68,13
68413
68,14
68.61
68.61
68.62
6R.H62
7Ce 36
70.97
70.98
70.98
7549
75.51
7852
7552
85,73
85474
85,74
BE. 75

TEMPERATURE OF

10
14
18
22
26
30
34
33
42
46
50
S4
58
62
66
7¢
74
78
82
f¢e
90
94
98
102
10€

TEMP,
£8, 00
68400
68400
68, CO
68.00
68,00
658.00
68,00
€8. 00
68,00
6B.CO
68,00
68,01
€A, C1
68.02
68.C1
€B.01
68.02
€8.C3
68,05
68.CS
6R 436
68 .34
6S. 76
66,79
6S. 80
T3.24

131
135
139
143
147
151
155
159
163
167
171
175
179
183
137
191
195
169
203
207
211
215
219

2-D ELEMENTS

11
15
19
23
27
31
as
39
43
47
51
€s
59
63
67
71
7¢
79
83
er
91
g€
99
103
107
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€EEL04
68,07
€EELO7
€€ .07
€E.Q7
€ELCS
€EE L09
€EEL61
€E L€
€t 61
6ELE2
7C 96
7CeSG7
70 .68
7C.GH8
7€ .4¢
75 .51
75.82
7€ 52
8S.73
E€.74
Se74
E€L, 7%

TEMP,
68.00
€€.0C
68.00
€EL.CC
€€ L,00
€8, 00
€E.CO
68 ,L.CO
€£€,CC
€EE OO0
68.00
EFeCC
68,01
€EELCC
€802
68 .07
€8s 02
€8 .03
EELC4h
€E£L.CB
68 .08
EEL 34
EE L3R
€S 7S
€S 7S
7223

73,24

122
13€
14C
144
148
1€
156
1€C
164
1€8
172
176
18¢C
184
188
162
196
2C¢
204
2Ce
212
216
22¢

a2
3¢
ac
44
ag
s2
5¢
€cC
64
€E
72
7¢
80
84
£gg
Sz
S6
1CcC
104

1CE

6€.CS
68 .07

68.CF8
68.C€
68.06
GEL(CPR
68.09
68.€1
68 ,€1
68.61
EBL,€2
T0 +SE
7057
70458
70 .98
TE.46G
75451
TSe&2
TE€€2
35.73
ES.74
85.74
R5.75

TEMP,
68,00
68400
68.00
58,00
6R.CO
68.00
E€.,C0
68 .00
68,00
58.CC
68,00
68.CC
68401
68,00
68.C2
68,01
68.C2
68.C4a
68408
68.C7
6B ,.,C8
6©8e 3F
€8 a2E
69.79
69.80
72,22
73.24



109 72.25 11C 73.25 111 72.25
113 80 .62 114 80.62 11€ €Ca€2
117 80.€3 118 8C.63

80.63 119

0 SYSTEM ITERATIONS wERE PERFCRMED
3 Pe Co ITERATICNS WERE PERFORMED
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FIRES-T3 - FIRE RESPONSE OF STRUCTURES - THERMAL

*% CIRCULAR COLUMN WITH 172 INCH SPIRAL — 3-D ANALYSIS *¥

TIME STEP NUMBER 2 ~ TIMt «050 - TIME STEF «025

s 2 ol ok o ok o ok s s o e o oK e o ok o o o e o e e o e ol ok okl ool o o0 ok ok Kok ok o ook ok ok o o o8 o

NUMBER OF NON-Z2ERC FLOW CR TEMPERATURE CONDITIONS -C

FIRE EQUNCARY CONDITION

FIRE(1) = 627200

FIRE(Z) = -

F!pE(B’ = -0 o

FIRE(4) = -Ce

------------ NUDAL POINY TOMPERATURES —-e—meme—me————

N TEMP, N TEMP. N TEMP, N TENE,
1 68400 2 68400 3 68 .00 4 684CC
s €8.00 € 68,00 7 €E.COC & 68.00
9 68.00 10 68.00 11 €8.,00 12 684 C0
12 €8.CO 14 68.00 15 68,00 16 68400
17 68.00 18 68,00 1s €€,00 2¢C 68,00
21 68,00 22 68400 23 68 .00 24 68.C0
25 £8.00 € 684 00 27 6E.CO 28 58400
29 68.00 30 68 .00 31 6€.,00C 3z 68,C0
3z €8,00 34 68400 35 6800 36 68,00
37 £8.00 38 68,09 3g €EL.CO ac 68400
a1 68400 42 68B.00 43 6€400 44 68400
45 €8.,00 4€ 68,00 47 €8.00 48 68400
49 68 .00 50 68.00 S1 €€.00 sz EF.CC
€3 €8.CO 54 68.00 55 6800 56 58400
57 €8.00 58 68400 56 €E.0O 6C 68400
61 68.00 62 68.00 63 ¢8,.,00 64 68.00
€5 68.00 6E 68. 00 67 68400 €8 68.00
69 68.00 70 68.00 71 €€.0C 72 6€.CC
72 68,00 74 68400 75 68400 7€ 58400
77 €€.07 78 68.C2 7¢ EELC2 €c 68,02
81 68.01 82 68401 83 68,02 84 68.C2
es €3.01 BE 63,01 87 68,01 88 58401
89 68 .00 90 68.00 91 €£.00 Sz 68,C0
" 93 £8.12 94 6813 95 68414 96 68414
97 €8.11 9F 68412 Ss €€.12 1CC 68413
101 - 68.02 102 68.02 103 6E.C2 104 68.02
108 68.01 106 68402 107 68402 108 684,02
109 68.14 110 68415 111 CEL 17 112 68417
113 68.13 114 68.14 115 €8,16 116 68.16
117 €8.06 112 6E8.07 116 €EEL OB 120 684 C9
121 68.05 122 68437 123 68409 124 68.C6
125 68415 12¢ 68416 127 68423 128 58425
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129
133
137
141
145
149
163
157
1€1
165
169
173
177
181
185
189
192
197
201
205
209
213
217

€CEL17
€ERL.24
68.24
68.78
€8,.78
€EE480
68,80
7130
7130
71.32
7T1.32
81.86
a1 .82
Bl.53
81.93
9946
GG. 54
99 .55
9355
12£.23
135.28
12€,.,27
135.28

TEME,
€EL(00
68 .00
EE. Q0
€8,00
68.00
€EEL.O0
£8.00
€8.C0C
68.00
€R”.00
68.01
68,01
£8,C7
€r,04
€R,01
€8.C8H
64.05
€822
€8.15
€8.40
68.1‘0
7003
£GS.95
6G 489
76«60
7€.61
90 .68

140
134
138
142
146
150
154
1598
162
166
170
174
178
182
18¢
190
194
198
e02
20€
210
214
218

68,17
68,22
68.22
6B, 78
6R, 7S
68.80
68,81
71.28
71.28
71430
7131
81.85
31.87
81,93
R1.63
99,46
9G.54
99455
99455
13%.2¢3
135.29
13S.27
135.28

TEMFERATURE OF

1C
14
18
22
26
3C
34
34
42
46
50
54
59
2
6HH
70
74
78
a2
86
Lo
94
9ea
1cn
106

TENP,
68,00
68400
H8.CO
68400
68400
68400
6R.00
6H800
68, C1
68,00
68.07
EBL,Ch
68.13
62, 09
68,05
HB.15
6P 20
68.32
(R a52
65685
7€.58
7659
76,60
G072

131
138
13¢
143
147
151
155
159
163
1€7
171
175
179
133
| 4
191
195
199
203
207
211
215
z18

3-C ELEMENTS

N
3
7
11
15
19
232
27
2y
3s
39
a2
a7
51
&5
59
63
67
71
75
79
N3
07
91
9s
o9
107
107
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6E.,.27
EE.a2
€E.44
6E 39
6E.47
6E.81
684858
71.24
71.25
71.27
7126
81.85
El.E7
E1.6G2
SGe45
9G.54
$Se.E8
99.54
13€.22
13€.28
13€.27

12€.2€

TEMP,
€ELCC
€EL00
68 .00
€£L,00
€E,00
€€ CC
€ELCO
68,00
EELCOC
£E8,00
€CELC1
EELQ0
E8 L8
€8,01
€EL14
€EEL,1C
€f. 1€
6818
€EL27
€850
684850
€Ge 81
7006
7¢€.,€
7€ .58
90.68
GCa72

132
13¢€
14C
144
148
152
15€
1€C
1¢4a
168
172
176
1€C
184
1ag
162
196
2CC
204
2ce8
21z
216
c2cC

[
12
1€
20
24
ze
32
€
4c
44
4t
&2
Se
€C
64
CE
72
7€
8¢
Ra
EE
92
g&
100
104
1CE

68, 2C
HR .44
€8.47
58425
68, 3R
68,.,4°F
658352
71,23
71.24
71286
71.28
91 .8%
Q1.7
31,92
1) 492
3G.48
99 454
3G, 58
93 .54
135.22
135.2¢
135,27
135.,2¢F

— o~ ——

TEMD o
68400
68.C0O
68,00
68,C0
58,0C
68,00
6F,C0O
58400
£E8,C0O
68.C1
68401
EEL,CC
58.04
6R, 01
fPe. 18
B .04
ELL1F
6HB 24
R,Q7
68.,4¢
68 .48
7TCeCo
69 .58
TEaSH
TEe€ 2
90 .68
G072




109 G074 11¢ 90,74 111 $C.73
113 117.37 114 117.37 11 117.41
117 117.41 118 117.41 119 117.41

C SYSTEM ITERATIONS WERE PERFCORVED

3 Be Co ITERATIONS WERE PERFORMECLC

PROBLEM COMPLETED
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112
11¢€
120

11737
117.41
117.41



APPENDIX C

LISTING OF COMPUTER PROGRAM FIRES-T3

The following listing is the operational version
of FIRES-T3 as of September 1977. Although the
program has been tested, no warranty is made
regarding its accuracy or reliability, and no

responsibility is assumed in this respect.






FIRES-T3
FIRES-T3
FIRES-T]
FIRES-T3
FI1RES-T73
FIRES~-T3
FIRES~T}
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-Y3
FIRES-T]
FIRFS~T3
FIPES~T]
FIPFS-T13
FIRES-T3
FINES-T]
FIRES-T3
FIRES-TJ
FIRES~T3
FIRES-~T3
FIRES-T3
FIRES~T3
FIRES-T3]
FIPES~T3
FIRES-TJ3
FIRES-T3
FIRES-T3
FIPES~T3
FIRES-T3
FIRES-T3
FIRES-T3
rIRES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES~T3
FIRES-T3
FIRES-T3
FIRES-T3
FIPES-T]
FIRES-T]
FIRES-T3
FIRES-T2Q
FIRES-T3
FIRES-T2
FIRES-T3
FIRES-T3
FIRES-T3
FIPES-T3
FIRES~-T3
FIRES~-T3
FIRFES-T3
FIRES-T)
FIRFS-T1
FIRES~-T]
FIPES-T3
FIRCS-T3
FIRLsS-73
+IRES-T3
FIFES-TT
FINES-T3

QANORDEN-

AN ANAANYTANAANYTAANADNANN

[aNalls

ANYAANAN

anNNn

PRCGFRA

M FIRESTICINPUT yOUTPUT yPUNCH, TAPEI zINPUT , TAPE2aCUTHUTY , TADE 3n

LPUNCH, TAPEG )

Rk ks

A Akl b kR Rk Rk Rk Aok ok ko ok ok b bk R R R A ok o ok

*FIRES~-T3% [5 A PROGRAM FOR ‘PANSIENY. NCNLINEAR, CNE=-, TWwC-,

AND 3

~DIMENSTONAL HEAT FLOW PROBLEMS IN WHICH THERMAL PRUPER-~

TIES OF THE MATERTAL CAN BE FUNCTIONS OF TEMFERATURE. A FIRE

ENVEIR
B OUND
FINIY

CNMENT CAN BE SEMULATED WITH OPTIONAL LINEAR ARD NONLINEAR.
ARY CONDITTIUNS. THE ANALYTICAL APPROACH USED IS THAT OF A
F ELEMENT TECHNIOUE COUPLED WITH A TINME SFTEP INTEGRATION,

THE PROGRANM IS DYNAMICALLY DIMENS IONED Y0 ALLOW FOR MINIMUM
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CENTRAL MCMORY STORAGE. L]
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%
»
[y

AR AL RS R R i R A R s T s I eI Iy IR IR

/CONTROL/ ITITLE(G), IREADIBO} ¢NINJNOUT ,NPUNCH,NUPNP,NELID,N

TEL20 y,NEL 3D, NUMEL o MRAND , NMAT yNFOC LDy NFAC2D, NFOC3D, NBCMAT , NRCTYD

COMMON
CONNGN

NIN=1

NOUT=2
NPUNCH
NALLOMW

TNPUT

JEXDTH/ NINTID JNENT2D yNINT3D ,NINT (NCINT
C{10000}

=3
=10000

TITLE

10 READ (NIN,100) ITITLE

INPUT OF PROBLFM DESCRIPTION DONE ON BASIS OF ALPHA-NUMERIC
CONTRCL CARDS IN WHICH THKE FIRST LEYTER OF THE CONTROL

wDRD Y

S CHECKED FOR PROPER INPUT SEQUENCE

INPUT CONTROL CARD ® NODES %

READ

MNyIGOY TREAD

IF CIREADI 1) .IFOL55R) SYOP

IF (1R
N=1

onureyy

wWRITE
wRITE
WREITFE
wH1TE
WRETE
wWIVETE
whel 1

INPUT

EADIII.NE.16B) GO TO 00

TITLE PAGE

(NOUY 11 0)
{(NUUTY 120}
(NOUT 4130
{NCUT »140)
{NCUT, 120
(NOUT ¢ 130) ITITLE
(MOUY L 120)

CF NCDALL CATA




FIRCES~-13
FIRES-T3
FIPES-T3
FIRPES-T3
FIRES~-T3
FIPES~T3
FIRES-T2
FIRES-T3
MIRES~-¥12
FIRES~-T13
FIRES-T3
FIRES~-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES~-T3
FIPES-YQ
FINES~-T3
FINES-T3
FIRES-T3
FIPES~-TY
FIRES-T3
FIRES-T3
FIrES-T71
FIRES-T3
FIRES~T3
FIRES-TY3
FIRES-T3
FIRES-T3
FIRES-T]
FIRES~-T3
FIRES~T]
FIRES-13
FIPES-13
FIFES-T3
FIRES-T73
FIRES~-T]
FIRFS-T3
FIRLS-T3
FIRES-T3
FIRES-T2
FIRFS-T3
FIRFG-TY
FIRCS~-TA
FIRFS-T3
FIPFS~T3
FIRES~-T3
FIPF5-73
FINES-T3
FIRFR-T3
FIRES-T3
rFivgs-13
FIPES-T 8
FIuD 5~T14
Frie Ss-1v32
[ R R X}
FiIiprLG-73
FIRPFS-T1
FInRes-13
FIRrS5-T3
FIRES- T
[ UG

104
109
106
107
108
106
110
1
t1°2
[ I A
114
Lis
G
"7
114
ity
120
121
[ ey
174
125

ANANNANDAANA

MAAANYTANAADNANANDN

NUMNP - NUMNDEQ OF MODAL PUOINTS

NTBC ~ NUMHER CF KANCWN TEVMFERATURE BOUMDARY CONDITIONS

XU1I=CINTY ~ X COORDINATE CF KDDAL POIKTY

Y{1 }=C{N2}) - Y CODRDINATFE OF NODAL POINT

Z{1)=CIN3) - 7 CODRDINATF CF ROOAL POINT

KODE(V)=CI{NDO) -~ INDICATES TYPE OF NOUNDARY CONDITION
FLCOW - HEAT FLOW IS KNOWN
TEMP -~ TEMPERATURE IS KKNCwK

DUME (1 3=CINDI) — DUMMY VARTARLES REOQUINED IN CALCULATION
I VARIFS FROM 1 TO 5

NUMNP = ANUNVRERIN)

IF (NUMNP.E.O) GO TO 9¢
NYBRC=RNUMBERIND

IF INTBC.GT.NUMNP) GO TO 90
Ni=} ’
NZ =Nl ¢NUNMNP

NJI=NZ+NUMNP

ADO =N I+ NUMNP

NI 1 =ND O+ NUMNP

ND2=ND1 +NUMNP

AD3 =ND2 + NUMKNP

ND 4 =ND 3+ NUMNDP

RD5 =NCA + NUMNP
NA=NDE + NUMNP

CALL ACPDE (CIN1) ,CUN2) ,CINID,CINEO)CINDI} NTEC)
INPUT CONROL CARC % ELEMENTS »
READ (NIN,160) IRFAD
1F (TREAD(1).NE.SP) GO 10 9C
Nzt
INPUT OF PELEMENT DATA
NELID -~ NUMAEK OF |~L ELFMENTS

NFLZD - NUMBIER NF 2-D ELEMENTS
NELAD - NUMRER NF 3-0 ELEMENTS

NUMEL - TOTAL NUMRER OF ELFMENS
MBAND — MAXTMUM DANDWIDTH OF CONDUCTEIVITY MATRIX
LVMIIY=CiNaY} - FELEMENT NODAL PCINT CONF [GURAT TUN ARKRAY

MMIYPE{E)=CINS) — MATERIAL YVYPE©

HARFALL)=CINA) - BAR ARFA ( FCR 1-0D FLTMENTS )
THICK{t}=C(NT) ~ ELEMENT THICKAFSS ( FOH 2-C LLEMENTS )
VOLUME(1)=CINV) - ELEMENT VOWUME { FDK Y= ELEMENTS )

NI ID =NUMOER{ND

NEL2O0=NUNMYL FIN)

NEL 20 =NUMIVE ()

NUMEL =NFL LD #NEL 2D ENFL 0

T AMNUMELLLE 20) GE THl %0

M= NG 27NEL IDFa*NEL 20 HYNF L D
KNG chS ¢ NUMEYL

NZzNPHNEL D

MV =NT &NITL 28

LYRUES NEY NS V]

CATL HLDMENT (ORI a2 e CENT I M A Y O U g C R e )y € LNT7) oL ENV) )

T UT CORTEiM. CARD v MATLfag
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FIRES5-713
fINES-TY
FIRES-1T)
FIPES~T3
FIRLS5-T3
FIRES-T3
FIRFS-T3
FIRES-T]
FIPES-T3
FIRES-Y2
FIReEs-113
FIPFS-T3
FIRES-TA
FINRFrS-r3
FIPFS-Y73
FIRES-T3
FIRES-T3
FINES-1)
FIRES-11
FINES-T3

FIRLG-T73
FIRFS-T3
FIPES-T]

rieEs-r3a
FIRFG-13
FIRFS-T3
FIRES-TY

T ARES-T3
FIRES-T 1
Finrs-t1
FIPES-T3
FINEG-C3
FIRE &-T3
FINES-T3
FIPFS5-13
FIRKG~-T3
TIRES5-~-T13
FiIfrLs-13
FIies-13
FINES-TY
FIPFS-13
FIuES-F Y
FIFE S-73
FINES-13
FINES-T1]
FIRPES—-11
FINES~TY
PR G-10
FINES =T
FIpEs-1y
[ L RS I
IS~y
IR IRELTS B
R EHICES I
[ RIS IR
VRGE ST
1R S-1 8

1245
126
127
1258
129
130
N
1132
i3
13a
11315
136
1az
[ E)
113
140
1a1
tap
143
144
145
140
147
140
149
150
151
162
157
154
1S5
156
157
154
L9
10
161
e
1613
1ha
165
166
167
169
169
170
7
172
173
174
179
t7e
yre
1
7o
190
1Nt
AR
g
14
tes
100

At ANAANAA

~

laWa¥al

AYIAT AN AN SN A

B N e T T T T

<)

BEAD (NING16O) IREAD
IF (IRFADIL Y NE L15R) 6D T vo
N=1

INPUT CF THERMAL PARDPERTITICS FOR DIFFERECNT MATLPIALS

NMAT — NUMICH OF DIFFERENT "MATERTIAL S
NATLII)=CIND) ~ CONTROL DATA REQUIRED FTOP CALCULATIUN Ot
THERMAL PROPERTIES
XYSE1)=CING} - FUMCY INN VALUES §0K THEPMAL PROPERTIES
CONTAINS X COCRDINATE - TEMOELLATURYE
¥ COORDINATE - FUNCTIUN VAL UL

S = SLOPE OF LINES CUNNECTIMG X, Y PATK

NMAT = NUNGEER (N
TF (NMAT.EQ.Q) GO TO 90
N'I=NA 6 #MMAT

CALL MATRIAL (CUNR) ,CIN9),N)
K10 =NFeN

INPUT CONTROL CARPD * F [PE

READ (NINL16GOY IREAD
N=1
IF (IFEADCI)WNELARY GO TO 99

INPUY CF FIEF ABDUNDARY CONDIY IOIN DATA

NFBRCID -~ NUMAEIR OF FIRE R,Cs CURFACE NUDFS {(FOR 1-0 FLLNMOATS)

KENBCPD -~ NUMABER (F FIRT NeCo SUNFACE DLMTS (FGR 2-1 FLEMENTS)

NFBCIL - NUMOTR OF FIPY NaC, SURFACEL FLMTy (FCF 3-0 FLILMINTS)

I THES( ARF VMAXIMUMS TN CROLKR TO ALLOT STORAGE )

MACMAT - NUMIIR OF DIFFERFAT MATERTIALS TOR F10E N.Cs

NECTYP -~ TYDP'E OF F IHE HeC.

MAT{1)=CU(NLO)Y = CONIROL DATA RLOUTAED O CALCULATION UT §F INRY
HOQUNDARY CONDITION DEDPFETILS

FXYSOEI=CANEYLY ~ CONTAING FUHCTINNS OF FIIPF HeCo FRODLATIE S
STRUCTUYRED SAMI AS XYD

NERCID =NUMDBE S (N)
NENC2N=NUMAER (N)

NEBC D= UNHEHIN)Y

NUHF AC =NE G 10 NE DT 208 NERC 3D

IV tRUMIRC.EG.OY G 160 4D
NOCMAT = NUNMHE PEN)

BEAD INENGITROY TRTAD

I (IRFAD(ID)WUNE J1a)Y GG TO 20

L INEAKR IR DOUNDARY CONDTTION

N = HENI*1r-15) wWHiE 0]

HUT ) ~ SURFACE AT VEEANSGERR COFTFICHNT
W - PSUSDOO-F IR YEMEEEATUREL EELAPUTY DATAY)
TS = SUITACE TEMUTERATUECL Gt < ¥YSTEm

1=t e15) 7
NOCTY - 100 INE AT D
MY CHEOE DM AN

yore W

I [NEA YIRS PRSI LS P LI FV TS
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FINRES-T2] 187 C
FYRES-T3 1RRA C NON-LINFAK FERFE ACUNDARY CONDITICN
FIRES=-T3 189 C
FIrES~-TY 190 C Q = AC(TE-TS)#4N & VISAC(ARAFFRATO#vA~CSTATGE*A)
FIRES~T3 191 C
FIVES-T3 17?2 C wWHERE A =~ CONVFCTIUN FACIDP
FIRES-T3 1973 C N -~ PCWER OF CONVECT ION TEPRM
FIRES~-T3 194 C V - VIFW FACTOR FDOPR PADLATION TERM
FIRFS~T3 199 C SB - STEFANN BUGLTZMANN CUNSTANT
FIRES-T1 146 C AN - ADSNRHTION FACTCH QF ¢ I1C
FIRES-T3 197 C EF - EMISSIVITY OF FIRFE
FIRES-T3 158 C FS -~ FMISSIVITY UF SURFACE
FIRES-T1 199 C AT - AQSDLUTE 1f MDF RAYURE OF PSUrLC FLIRE
FIPES-T3 200 C ATS — ARSOLUTE TEMPERATURE OF SURFACL OF SYSTEM
FIPCS-T3 201 C
FIMM:S~-T3 202 NBCTYP= |OHHOM-LIN C
202 N1L=N10+RNCKAT
204 c
FIRES-T3 205 30 CONTIMNUE
FIRES-T3 2086 C
FIRES-T) 207 CALL FIDRFMAT (UCINIO),CINLL), N}
FIRES-TY 20r8 Ni2=N1Ta+ N
FIS-73 209 C
FIRES-T3 210 C INPUT CF GLOMETRIC DESCRIPYICN OF F IHE RNDUNDARY
FIPES-T3 211 C
FIRFS-13 212 C LIt I=CINIPY ~ FIRST NODE THAT HOUNDS FIKE SURFACE LULI WV
FIRFS-7T] 213 C C 1-0y 2=-0, AND 3-D FLCMENTS )
FIRFS-T3 21n (o} LJC1)=CINLI) ~ SECOND NODE THAY DOUNDS FIRF SURFACE FLEWV
FINLS-T3 215 « { &2-D AND 3-D FLEMENTS ONLY )
FIRES-T3 21¢ < LKOT)=CUINTIA) - THIRD  NODE THAT HOUNDS FIRL SURFACE LLEM
FIRES-TY 217 c ( 3-0 FLEMITNTS DNLY )
FIREFS-T3 218 C LLEI) =2CINIS) = FOURTE NODE THAT POUNDS + IHRE SURFACE tULEM
FINES-T3 219 < { D FLEMFNTE DNLY )
FINS-13 220 C LMAT{1)=C(NI6) - FIRE ROUNDARY CONDITION VYPE (MATLEEAL )
FIRES-~-T3 221 C LFIPECLY=C{NLTY ~ NUMRER 0OF FIRE ACYIVE ON SUEFACE [, U~J,
FIPES5-13 222 C OR [—-J~K-L
FIR{L&~-T3 223 C ATJKLE1 I =C(NLIA)} —~ AREA NIF SURFACE [, 1-J, UKH T-J~K-L
riRgs-v3 224 C LELEM{ I)=CE{NIG) —~ NUMAIT O FINIFE FLEMONT ARCJACENT TU) Thik
FINRF G-73 225 o FIRE SURFACE € 1~D AND 2-D UGNLY )
FIRKS-T2 226 C
FIPEFS=T 227 N1 3=N12+NOMTRC
FTRES~T3 2P2n N1A=NI3+NENC2DARFNCI0
rIrEsS -1y 229 N1S2N14+NFC 3D
F1RES-T3 230 NI6=RTS eNFICAD
FIRES-T2 2N N17=NTE&sNUMFRC
FIRES-T3 2132 N1#=N1T +NUMIRC
FINt s-72 233 NI =NIAY AUMFIIC
FIES-T13 234 N2O=2NTReNFRC LD NY BCOD
FINES-11 235 c
fFIRES-T1 2136 CALL FINEAC (CONT) hCUNZ T ENTIY yCUNDO Yy CERG Y C {7 ), CUNIT Iy CINLY 1,0 ¢
LB BRI SR I § R4 INIEADIOINTS) o CIHTIN I CUNT 7, C{NTIN) CINTI)}
FIfy §-73 o G TG %0
FINKS-T3 230 c
FIPTS=-T3 240 40 CONY INUL
FIRFES-T 1 Pal ¢
FIRES-13  2ay r AVENMCND I ALC, 1S P CITIED . INITIALTZE ML - N2O
FIRSS-TY 243 c
CINES-T Y 2aa NEYENLO
FINES-T Y an Nice=NLCe
FIDES-13 266 AR ELYR T
1IN 5.7 Pa? LRI N N

Ve s-T3 208 NLC
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FIPLS5-T73
rIrgEs-13
FINFS-T3
FIRCS-13
FIRES=T3
FIRES-113
FIPES-T3
FINES-T3
FIRES~-TY
FIRES~-T3
FIPES-T13
FIRES-T]
FIRES-T3
FIRE S-T3
FINES-T
FIRES-T)Y
FIRES~T)
FIRES~T3
FIRES-T3
FIRFS~T3
FIRES-T3
FIPES~-T3
FIRES-Y)
FIRES-T2
FIRES-T3
FIPES-T]
FIRFS-T3
FIRES~T3
FIRES~-T3
FIVES~-T3
FIRES~-T]
f TRES-T2]
FIPES~T3
FIRE S-T 23
FIRES-T3
FIRES-T)
FIRES-T23
FIRES-T3
FINES-TD
FIRES-T]
FIRFS-73
FINES~T3
FIRES~TY
FIRES-~T3
FIRES-T]
FIvES~TY
FIRES-TY
FIHNFS-T3
FIRC S5-T3R
FINES-Y Y
FIRFS~-T3
FIRES-TY
FIPES-T 1
FIRFs-11
FIRESG-T
[ EUNCT
VIRLS-121
FARES T}
FIES-T13
FIRLG~-T Y
FIRFS-T3

249
2%0
251
252

352

2EeE
257
2s8
2%9
260
261
262
2¢7
264
2¢5
2€6
267
268
267
270
2%t
272
27
274
2715
276
207
2re
279
2A0
2e1
282
203
28a
285
ELT
287
288
2A9
2490
291
2492
2a%
06
295
29¢
297
2498
249
300
301
302
"0y
A
194
me

07
3NA
1
Jto

[aalal

ANNAAANNDANA~CAOANNAANN

AN AN ANANAN AN

re

N1&6=N10
N17=N1O
NIS=NIC
MA=NTO
N20=N10
INPUT CONTRUL CARD * EXQYHERMIC #

REAT (NIN, 160} IREAD
IF {IREAD(1)NE.5R) GO YO 90
N=1

INPUT CF DATA DESCRIBING INYTERNAL EXCTHERMIC HLAT GENERAT LUN

NIATIO - NUMBER OF 1-D FLEMFNTS wiITH INTCRNAL FEAT GENEWRATION
NINT20 - NUMAER OF 2-0 ELEMENTS wlTH INFERRAL HEAT GENERATION
RINT ID - NUMDER OF 3-D FLEMUNTS WwITH INTERNAL HEAT GENERATIGA
NINT - TOTAL NUMBER OF ELENENTS WITH HEAT (ENERATION
NQINT - NUMBER OF DIFFCRENT HEATING CURVES
TEXCU1)=CINZN) - CONTRCL CATA FOR FEATING CURVES
EXYSC1)=CI{N21} — CONTVAINS FUNCTION VALUES FOK FEAYING CURVE
X-COURDINATE - TIME
Y-CCORDINATE - HEAT AATE
S - SLNPF OF LINFS CONNFCTING X,¥Y FPAIRS
TEL(1)aC(N22) - ELEMENY NUMPER DF EACMH ELUMENT UNDLRGUING
EXQTHERMIC WEAVING
ITMAY (1 }=CIN23) -~ HEATING CURVE OF EACH ELENMENT UNDERGUING
EXQTHERMIC HEAT ING
VEL(1)=C{N24) — VOLUMF 0OF FACH FELEMENT

NINT 1D sNUMPAERIN)
NINT2C=KUMDERINY
NINTID=NUMBER (N}
NINT=NINTIDANINT2D+NINT 30

IF (NINTONELO) GC TO 60
N21=N20

N22=N20

N23:=N20

N2A=N2C

N25EN20

G0 70

NGUINT=NUMBERIN)
N21=N20+NCEINT®Y

CALL EXOFUN [CINZC)C(N21),N}
N22=R2L N

NZ3I=NP2+NINT

NZA=N23+NINT

N25=N24+NINT

CALL ENUELS (CUN1I CUN2)CINI),CINS) ,CINa) yCINT I, CUAVY C(R22 ), CUAD
131, CtR2A )

FSTARL 1SH ADDITIONAL DYNAMICALLY DIMENSIONED VARTAULES e QUIRED
IN THF HUAT FLOW ANALYSIS

QU I=CINPS ) — FLOW VECTOW

V1) =CUNPH) ~ TEMPERATLUSE yiCTO)

H{1I1=CINPT) ~ HFAT LUAD (FEDw) VECTOr LSTL TN ANAL YSILS
ATCL) =CEN2T ) = VLEMERT YIMPERATUNSE S

AT 1)=CINID) - MODIFTIED CONDLCTIVETY MATHIX

NYCTAL - TOTAL AMOUNT Of SYOBAGE REAQUTLED 082 0 ANK CHMMIN

NG ENDL $ MUMNP
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FIPES-T3
FIRES-T3
FIRES~T3
FIRES-TY3
FIRES-T3
FIRES-T3
FIRES-T3
FIPES-T3
FYRES-13
FIRES~T]
FIRES~-T3
FIRES-T3
FIRFS-T3
FIRES~-T3
FIRES~-T3
FIRES-T3
FIRES~T3
FIRES~-TY
FIRES-T3
FIRES~T3
FIRES-T3
FIRES-T3
FIPES-T3
FIRES-T]
FIRES-T3
FIRES~T3
FIRES~-T]
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-T]
FIRES- T3]
FIPES-T3
FIRES-T3
FIRES-T]
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-T)
FIRES-T3
FIRES-T13
FIRES~-T3
FIRES-T)
FIRES-T2
FIRES~T2]
FIRES-T3
€ IRES5-T1
FINES-TA
FIRES-T3
FIRES~-T3
FIRPES~-T3
FIREZIS-TA
FINES-T3
FIRCS-T1
FIRPLCS-T3
FIRES~T3
FIRPES=-T13
FINES-T3

311
312

a8

331
332
333
334

335
336
337
338
339
3ao
Jal
A2
343
Jaa
345
146
347
348
349
350
3s1
382

as3
asa
5%

356
asr
asa
389

360

361
362
3673
364
1€5
366
67
368

annNn n [aEnNalal lalalz a

aAan

A27=M264NUMNP

N28zNZ274+NUMNP

N23=N2B +NUMEL
NTOTAL =N294+ NUMNFEMAAND

IF {NTOTAL.LE.NALLOW) GO TO 8C
WRITE (NCUT,180) NTOTAL

sTOP

INPUT CONTROL CARD * CCAVERGENCE *

80 READ (NIN,160) IREAD
I¥ (fREAD(1).NE.38) GO YO 90

INPUT CCNVERGENCE CONTRCL DATA FCR ITERATIVF PROCESS
CALL CCMVERG INTOTAL)

TRANSFER CONTROL OF PROGRAM TO HEAT FLOW ANALYSIS ROUTING
IN CFDER Y0 CARRY DUT STEP-BY-STEP T IME INTEGRATION

CALL FEATFLD (CUNL} CUN2) 4y CINI}CANDODI,CINN1},CINDZ)CIND3),CINDA)
1+CINDS) yCINA) yCENS) yCINGD yCAINTI s CINBY yCIND )G CINIO )y CUNT1D, CANL2),C
2INTI3 )4 CINIA ), CINIS),CINLIS) yCUINIT),CINTB) 4CINLID) CIN20),CIN21) ,CIN2
32) sCIN23) 4 CINZ2AY yCIN25) 4, CIN26Y, CIN2T ), TINZ2B),CIN29),CINV} {NUMNP,NL
AMFBC)

GO TC 10

SO0 CONTYINUE

ERROR WAS DETECTED IN CONTROL WORD OR CONTROL VARIARLE
HAS INFROPER VALUE AND PROGRAM [S TERMINATED

WRITE (NOUY,170) IREAD
STOP

100 FORMAY (6A10)
110 FORNMAT [IHG,13(/))
120 FORMAT (HLH MRSt asdtapkrtntbhybed st thhthRAd btk kebdgbnarahtbnbtr iy

P ekikdd )

120 FORMAY (///,:5X,SOMFEFFF | RRRRR  ECEEE  $558% TYITTYY 222
133/5%, SOHF 1 R R E s L 3 /5X,50k
2F I' R R F s r 3 /EX,SCHF 1
3ap R © s 1 3 /SX,SOKFFFF I REERR €
JFE $5855 PR X X T JIAY /75X SOHF 1 R I3
5 S T I/BXSOKF 1T AR E ’ 5
v T 375X SOMF 1 R R F 5 v
7 3/5X,50HF f ® F EEEEE S3SSS Y 33233/7/)

140 FOMMAT { 7XAQHA THEPMAL ANALYZER FOR THREE-DIMENSICMAL SYSTEMS , /77X,
1y A5HWITH TEMPERATURF~DEPENDENT THERMAL PROPERTIES, o 77X, JI1HSURILCTE
200 TC A FIRF FNVIRONMENT /7))

10 FORMAT (//7/718%424H~ -~ = TYITLE DF RUN - - = //1x,6A0//77/)

1LEQ FURNAY (80R1)

170 FURMAY (6(/7)4ya%H - -~ = PROGFAM TERMINATED « INPUT ERRDE - - -, /71X
1eRORLY

1P0 FORNMAY L////73TH STAP — INCCEASE CGLANK COMMON STZE TO,110)
END



FINRES-T3 3¢9 FUNCTICN NUMBER (1)

FIRES--T3 370 C

FIPES-T3 371 4

FIRES~-TI 2372 C FUNCTICN *NUMNEF* ORTAINS AN INTEGER CONSTANT CONTAINED
FIRES~TY 373 [« ON AN ALPHA-NUMER IC CONTROL CARD, THE INTEGER CCMRSTANT MUST
FIRES-T3 174 C HE COCNTAINED BETWEEN COMMAS OF BETWEEN A COMMA AND A OLANK.
FIRES-T3 1375 <

FIRFS-T3 1376 C

FIRFS-T3 377 COMMCM ZCONTROLY TTITLE(G), TREADCAO ) ¢y NIN,NDUT  NPUNCH, NUMNP ,NEL 1B, N
FIRES-T3 17a JTEL PRy NEL 30y NUMEL ; MHAND  NMAT (NFRC 1IN0y NFBC20 . NFUC ID JNROMAT NBLTYVP
FIRES~T3 ary C -

FIFES~T3 380 K=0

FIRES-T3 1A% 10 J=TRFAD(1}

FIRES-T] 3e2 tF (J.CO.568) GC 1O 20

FIRES-TY 393 IF tJ«GT.32B) GO TO AC

FIRFS-Y3 %184 1=1+1

FIRES-T3 385 IF (I.EQ.81) GO 1O 30

FIRES-T3 ing GO YO 10

FIRFS-T3 367 20 T=14)

FIPES-T3 308 J=IREAD(L)

FIRES-T3I  3A9 IF (J.EQ.55B.0A.J.EN0.,568) GO T 30

FIRES-T3 390 IF (JLTe33R.0R, 4.GT.448) GO T a0

FIRES-T] 391 J=J-3138

FIRES~-T3 262 KzK&1 0+ g

FIRES-T3 393 GO Y0 2¢

FIRES-T3 392 30 NUMBEF =K

FIRES-T3 395 RE TLRN

FIRES-T3 396 C

FIRFS-T3 397 40 CONTINUE

FIRES-T3 390 PRINT S50, (IRCAD(J) y2=1,80)

FIRES-T3 399 sraep

FIRES-T3 400 c

FIRES-T3 401 C

FIRES~TI 402 C

FIRES-T1 AQX €0 FURMAY (/77330 - ~ -~ PROGFAM TEEMINATED -~ -~ - =,//7 4130 IAPUT ERE
FIRFS-T3 AQA 1OR,/1X,80R1)

FIRES~-TY 405 END

FIRES~-T3 A06 SUBRDUT INE NDDE § %,¥,2 ¢KODE o ID,NTHC)

FIRES~T] 407 C

FIRES-T3 ann C

FIRCS-Y3 409 < SUBRCUT TNE ENDDF* INPUTS NODAL COORDEINATES AND St 1S
FIRES-TI 410 c THE FLOW AND YENPFHATURE BOUNCARY CONDIT TONS

FIRES-T3 4t [

FIPFS~-13 a12 C

FIPEFS-TYY 413 COMMEN ZCONTROLZ EVITLECO) +TRTADINOYN yNINGNCUT g NPURNCHoRUMNI ,NELED N
FIRES~-T3 4t 1TL2D REL 30Dy NUMEL s MHAND y NMAT ¢ NFHT 11 g NEDRIC 21D, NF 0 30 , NG RAT g NRC T YP
FIFPES-Y3 415 DIMEASION XULl)y YUED, Z2€1Y, KOCDFLL), IDC1)

FIFES-Y3 a16 C

FIPFS-13 a7 C QUTTLT PAGE WCACING

FIRES-F3 418 c

FIPFS-T3 419 WRIYF (NCUT.100) \

FIRES-Y3 420 WL YL (RLUT 11 0)Y

FIRES~T3 a21 WRTTE (NIIUT,120) TTITLE

FIRES-T3 522 WRPITE (NQUT 130}

FIRES-t 1 A23 wWITTE (NUUT,T1L0)

FIFFS~-T3  40A WRITE ENCUT 4 140) NOMNP

FIPES-T 425 whUTE UNGUT 1590

c-7



FIRES-T3
FIRFS~13
FIRES-T3
FIRES-T2
FIRES-T3
FIRES~T3
FIRES-T3
FIRES-T]
FIRES~TH
FIRE S-T3
FIRES~T3
FIRES-T]
FIRES-T2
FIFES~-T3X
FIRE S-T13
FIRES-T]
FIRFES~-T3
FINES-T3
FIRES~-T3
FIRES-T3
FIRES-T]3
FIRES-T2
FIRFS-T3
FIRES-T2
FIRES-T3
FIRES-T3
FIRFS-T3
FIRES~-T3
FIRES-T Y
FIRES-TY
FIRES-T3
FIRES-T3
FIRES-T]
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-TY
FIRES-T)
FIRES-TD
FIPES-T]
FIPFS-T23
FINES-T]3
FIRE S-T12
FIRES-T]
FIRFS~-T3
FINES-T3
FIRLS-T3
FIRFS5-13
FINES~T 3
FIPFES-T3
FIKFS-713
FIRFS~-THX
FINES-T3
FIRES-T
FIPrsS~T3
FIPES-T2
FIRFES=-TY
FARK =13
HIRVS-T1
TIRMS-T3
FIRFS=-73
tIRFR-T3

A26

446
447

aa9

4€
454
€5
a4¢e6
(2. %4
a€R
469
470
471
ar?
413
474
ars
476
%44
47R
(%4
480
ar
anz
LR}
ELL
LI
A6
447

[alka ]

laNalial

AAmA

AN

~

INITIALIZE BOUNCARY CONOITIONS TO FLOW

NO 10 [=1,NUMNP
10 KODELUI}=AHWFLOW

INPUT NODAL COOPDINATES

L=1

20 REAR ININ,160 ) NyXIN),YI(N),ZI{N)
1IF (N.GF.L) GO YO a0

30 WPITE (NOUT 173 NyXIN),YIN), Z(N)

sToP

40 [F {(NJED.L) GO 1O 60
IF (L .CO.1) GO TO 130

WHCN N

«GEe L

THE PPOGRAM GENERATES INTFRMEDLATE ACDES

AY IARTERVALS OF DX, DY, AND DZ

DIFF=N&1-L
OX={Xx{N)-XIL-1}I/DIFF
OY=0VIN)-Y(L-1)) /0(FF
D2ZeCZ2(N)~ZIL~L)I/DIEF
g0 XlLy=XxlL-1)4DX
YL )I=Y{L-1)+4DV
ZEL ) =ZIL-1)4D2

L=+l

IF {A.GT.L} GO TO SN

€0 L=L+1

I (NJLT,NUMNP} GO0 TO 20
1F (NLAELNUMNP) GO TO 30
1F {(NTHCLEQ.0) GO TU BO

INPUT XAhCwh TEMFERATURE BOUNDARY CONOITIONS

RLAC (NIN,1RO) C(ED(T),1=1,NTHC)
DO IC I=1,NTRC

J=1000)

IF (JLLF.0.TR.JLGTLNUMNE) GO TO 90
70 KMDF(S)=anTEMD

MUTPLT NODAL COGRDINATES AND ROUNDARY CONDITIUN CGLE

B0 WRITE (NCUY L 190) (T XCT), 1) 7001}, KUDF LT, I=1,NUMNF)

RPETURN

SO wWRITE (NOUT P00

sToe

100 FOINAY
110 FOPMAT
[EZEEY T

(eiH &

CIHE 51 2))

LEER RS PR L S L EAAI AR AR NS LAt IR T A2 EANAE 0SS 2

120 FNOMAY (/SXSOHPTRFS=-13  —- 1 {RF SESPONST CF STRUCTURES - TriRNMAL./
T/7U XL ANCY

120 FOIMAY L/77%ydHnHCLCHLTRIC DESCRTIFTICN (8 Sy S LV 16 Tk ANAM YR, /7))

140 FURRAY /7,200 o o v e THERS AT L T9e2™4 Nsal PLERNTS o o o . )

150 FORMAT

s/ ER

NOOAL a2 aX s LIPCOURDINATES o PO HHNURUARY o Zy ol ITNT 4

IX g THX s DA X 1H¥ 3 14X, 1HZ 2 Xy HHCONDITITUN G /7))



FIPCS-T3
FIRES-Y3
FINRES~T)
FIRE S~V
FIRES-Y3
FIRFS5-73
FIRES-T3
FIRES-T]

FIPES-T3
FIRES~-T 3
FIPES-T]
FIRES-T1Y
FIRES-T3
rIPES-13
FIRES-T Y
FIRrs-r3
FIRES~-T3
FIRES-TY
FInEs-11
FIRES-T3
FIPES-T3
FIRES-T3
FIRES5-T]
FIRES-TY
FIRES-T3
FIRES-TS
FIRE5-T3
FIPES-T3
FIRF S~T3
FIRES-T]
FIPFS-T13
FIRES-T3
FIRES~T)
FIRES~Y3
FIRES~Y3
FIFFES~71
FIRES~-T3
FIRES-TY
FIRES-12
FINES- 1
FIPES-TY
FIRFS-T3
FIRES-T Y
FIFPFS~T1
FINFE S~
FIPES-T3
FIRFE-T1
FINES =T 1
FIPFS5-13
FIREs-v1y
FIRES~-TY
FINE S-113
[T A}
FIRFES§-13
FIRTS-T )
FIRES-T7
FIefF S-11

agy
ang
490
491
432
493
aga
495

a96
497
a9a

508
509
510
511

512
514
s1a
518
516
517
S18
519
520
521

522
523
€24
825
56
w27
S2R
G2c
S30
531

432
533
34
515
530
537
S
n?a
540
tal

ca2
SA
LRY

AN

falia laWalial

fal

~

160 FURNMAT {(15,3E10.0)

170 FORMAT (5(/),51F ~ =~ = FRCGHAM TERMINATED -~ NOULE INPUT gRWOR - -
L=e 771Ky 15, 3F10.4)

180 FORVAT (1615)

160 FORMAY (15,3F 15, 0,7X AL}

200 FORMAT (S5(/1,33H - = = PROGHRAM TERMINATED - = — (/,87H E€NRCOR TN
ITEMPERATURE BOUNDARY CONDITICN IAPUT)
END

SUBRCUT INE FLEMENT (X ¥V, Z,LMyMMTYYPE ,HAREA, THICK , VOL UMt )
SUHFCLTINE MELEMERTR INFUTS ELEMENT DATA

COMMON ZCONTOOLZ 1VITLESG) ( EREAD RO )  NIN NOUT . NPUNCH, NUMNE o NLL 10,M
1FL 2Dy NFL 3D, NUMEL ¢ MRAND s NMAT , NFHC 1D s NFRC 21 o NEHC D o NHCMAT (NITE 1Y P
DIMERNSION XC(1), YC13y 2810, LMUL)}, KX(A), MMTYPELL1}, BARCALI), Tt
ICKU 1), VOLUMEL]) )

DIMEASTON SI(R), YI(A), UILR), XXIA), YYUR), ZZU€), N1 3,8), PETLIA
1}, DPSTUL3,RY, € JIAC(3,3), POSID)Y

DATA PMS/=0,5TT25027,40.577350277

DATA S1/-0eylosbos-Nlay~Tlaglaplor~1as

DATA TI/~les—~tortorlogmloe=lasloelas

DATA UL/=1es~Tas=tag=laelorlaslapglas

ONE - DI MFENS T ONAL E L EFEMENTS

MOAND=O

IF (NEL1DLFQ.0) GO YO BO
ML M=0

NUM= 0

WRITE {NOUT, 360) NE! D
wWRETE (NDUY ,370)

DN 7C N=t,NELID
RLMzALMe2

IF (NUM-N} 10,20.20

HITAD FLFMENT C AR

10 READ (RIN,420) NUNGKX{LDeKX{P2) M 1I% 4HA
IT (RALFQ.0.0) NA=1.0
I (AUMLGTLNLLIEY GO TH 40
IF (NECYY GO T 30

GENLFRATE LV ALHAY

20 LMINLM-1 =L MINLV-T)41]
LMINLMY 2L RERL MDY vy
MMIVEF (M) =MMT YT [N~ 1Dy
BHAREACNY = HAREA(RN-1)

20 IF (RUM=N) 4050400

VIO EN BAF LY CARNS

AC WHTIE ENOILTE G40 NUM X L)y k)Ml Err 1A



FIRES-T3
FIRES-T3
FIRES-T]
FIPES-~T)
FIPES-T3
FIRES-T3
FIFES-T3
FIRES-T3
FIRES~T3
FIRPES~-T3
FIRES~-T3
FIRES-T3
FIFES-T3
FIRES-T3
FIAF5-13
FIPES-T]
FIRES-T3
FIRES-T3
FIRES-T)]
FIRE5~-T3
FIRES-T3
FIRES-T3
FIPES-T
FIRES~T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRFS5~T3
FIRES~T3
FIPES-T]
FIRES~TJ
FIRES-T3
FIRES~T3
FIRES-T3
FIFES-T3
FIRES-T3
FIRES5-T3
FIFRES-T3
FIRES~-T)
FINES-T3
FIRES-T3
FIRES-T3
FIRES~-T3
FIRES-T3
FIPES-T3
FIRECS-T3
FIRES-TA
FIRES-T3
FIRCS5-T3
FIRES~T3
FIRES~-T2]
FIRES~T 3
FIRFS-T3
FIPES-T1]
FIRES-T2
FIRES-T3
FIRFS~-T3
FIRES~T2
FYRES-T2
FIPES-T3
FIRE S-T7%
FIR-$-T3

545
546
S47
541
%49
55¢C
551
5¢€2
553
554
585
556
557
558
559
560
561
562
S€3
564
S€S
566
567
5€8
569
570
571
572
5713
574
E7%
576
577
7R
579
580
581
582
503
584
568
586
587

%97
598
539
&CC
601
602
6507
602
605
60hH

nan

aAN

nanAA

[alia sl

60

70

EO

S0

100

110

120

132

SYOF

LMINL¥~1)=KX{1)
LMINLMI=KXI 2)
MVTYFE(NI=NTIPE
BAREA{N) =RA

QUTFLTY
WEITE (NOUT 4800 NyLMINLM=1D,LMI{NM M) MMTYPE(N) yBAREATN)
DETERMINE BANDMIODTH AND SYORF [IF MAXIMUM

JELMINLM=1) -LMENLM) &}
K MINLMI~LMINLM-1)41
IF (Ja GV MRAND) MAAND=J
IF {KGY +MHAND)} MRBRAND=K
CONT IMNYE

TwO-DI1I WMENSTITONAL EL EMENTS

IF (NEL?PD.EQ.0) GO YO 140
NLM=2%*NEL 1D

NUmM=Q

WRITE (NOUT,380) NEL2D
WRITE (NOUT,400)

DO 17C N=1,NEL2D
NI=ZN¢NEL 1D

AML.MzALV¢a

IF {(NUM-N) 90,100,100

READ ELEMENT CARD

READ (MINGA30) NUMKX (LYo KX(2) o KXTIDeKX(8),MTIPE, FTHK
IF (THKEQe0e0) THK=1.0

IF (NUM,GY.NEL2D) GD YO 120

IF (N.FCGs1) GO TO 110

GENERATE LM ARRAY

LMIMLN-3) 2L MINLM-7 )2}
LN{NLMR-2) =L M(NLM=-6)+]
LMINLM-1 3L MENLM=-5)+§
LVINLMI=LMINLM-4 )41
MMTYPE(NL)Y=MMTYPE(NL-1)
THICKI(NI=THICK(N=-1)

TF (AUM=A} (20,130,140

ERROR IN INPUYT CARD

HRIT} INOIUT 3460 ) NUMKXTT)pKXE2 ) oKXE3) (KXEAFMTIPE , THK
sSTOP

LVINLM=-2)=KX(1)
LMINL ¥ -2)2KXT 2)
LM(ALNM-1)=KX (3}
LV{KL MY 2Kk X(A)
MUTYEC (N LY=MTIDPT
THICK (A} =THK
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FIPES~-T3 607 C ouTPLTY

FIrES-T] &60R C

FIRES-T3 609 140 WRITL (NOUY 4901 NMiUMIALM=R) JUMEMLM-P 3 LM INLM-1 ) L M{RLMY, PMTYPE (L
FIPES~-T3 610 1, THICKINY

FIRES~T23 €ty C

FIRES-T3 612 (g OFTERMIME DANDWIDTH AND STOPRE fF MAXIMUM
FIRES~-T3 612 C

FIRES-T] 614 DN 16C L=1,4

FIPKES~-T1) 615 I=LMOM M-asL)

FIRES-T3 616 DO 160 W=1,4

FIRES-T3 617 J=UMINLM-aeM)-[4]

FIRES-13 61A W (MEAND-JY 150,160,160

FIRES-T3 619 150 MHAND=J

FIACS-14 620 160 CORTINUFE

FIPFS-T3 e21 170 CONTTIAULY

FIRES-T3 [ =g C -

FIRFS-T13 621 C

FIRES-T) 624 C THREE-DI1 V¥ENSTONAL L LFEMENTS
rInEsS-13 625 ¢

FIRFES-T] Hhate C

FIRES-T3 o027 tAC I (NEL3D.LN.0) GO YO 35¢

FIPFS-T3 628 REWIND &

FINES-T3 629 NLM=Z¥NCLID+AXNEL 2D

FIWwES-T3 630 h)Mm=0

FIRES-T2 €21 WRITE (NCUT,L390) NCL3O

FIRES-T3 632 WRITF (NDIUT,410)

FIPES-11 6713 D0 340 A=z} ,NELID

FIRES-T3 624 NI=N#NFLID+NEL?2D

FIRES-TY A3S KL M=hL M8

FINES-T2 GlE : T (AUF-N) 190,200,700

FIPFS~-T3 637 C

FIRE §5-713 638 < R AL FLEWMENT CAKD

FIRFES-T3 519 C

FIRES-T3 640 190 QEAD (NTHN,04C ) NUM, IKX{T)yI=1,8) MY Il
ripEsS-131 6al IF (NUNMLGTLNEL3DY GU TO 230

FIRES-T1 &A2 IF (NsEQ. 1) GO IO 220

FIRES-T2 LT C

FIRES~T3 6Haa (¥ GENERATF LM ARRAY FOR MISSING ELEMENTS
FINDFS-TS 6a%5 c .

FIRFS-T3 e€ac 200 CONYIANUE

FIFES=-TY oa? DN 210 =1, 8

FIRES-T3 L | 210 LMINLVM-HI)=LV(NLM-1B+1) 41

FIRES-T3 649 MMYYPECNEI) =MMTYFE LN -} )

FIRLS~-T] 650 220 Ir (AUM=N) 230,740,760

FIRES-T3 30 ) (o

FIRES-T3 652 [ CRIOR IN INPUY CARDS

FIRFS5-T13 6573 C .

FIRFS-T73 654 2720 WRLTF (NOUT 4700 NUMGIKXTT) yE=t,8),M7 104
FirEsS-T13 Ho% sSTop

FIRFS-T3 £EE (o

fIPES-V 557 240 CONTINUD

FIRFS~-T1 6510 NC 2H0 1=1,8

FIRFS~-T1 659 FEO0 LMINM-RAaT ) =KX(TY}

FIPES-T3 0660 MUMTYRPE(NL)=MT L}

FIRITS-T2 (S ] C

FIRES-T1 A6D [ nuTPLY

TIrFS-11 th1 c

FIRES5-T1 0nEA 260 WHT T INLUY 34000 Ne (L MENLM-S9¢T o0zl 49),VMIYIE{ND)
FIPRES-T) H6D f

F12) €~ T4 AFF d CETEARMENTD DANDWIOTH AND ST [V MAX TMIM
FIPFS-T3  ohn? &

SIS S-13 a6h8 [RITEEAL TV L 1)
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FIPES-T2? EE€S T=LVM(NLM-B+L)

FIRES-T3 670 DO 280 M=},8

FIRES~T3 671 JaL M(NLM-BeMm) T4t

FIRES-T3 672 IF {(NVEAND-4} 270,280,280

FIRES-YY 673 270 MOAND=J

FIRES-T3 €74 280 CONTIANUE

FIRPES-T3I 675 <

FIFES~T3 676 C CALCULAYE ELEMENT DATA NEEDED LATER IN ANALYS1S AND STCRe CA
FIRES-Y3 677 C TAPE 6

FIRES-T3 678 C

FIRES-T3 679 DO 290 1=1,8

FIRES~T3 &30 JTLM{NLM-A4T)

FIRFS-%3 661 xXx(t)=x{J)

FIRFS5-T3 682 YY(1)=sv(J)

FIRES-T3 6A3 290 Zz(l13}=22(4)

FIRES-T3 6E4 voL =C.

FIRES~-T3 625 DO 330 11lI=1,2

FIRES~-T3 686 DO 330 JJJ=1,2

FIRES-T3 687 DO 330 KKK=1,2

FIPES~-T3 688 SE=POSLLIT)

FIRES-T3 689 TE=PLSLIIN

FIRPES~-T3 690 UE=POSEKKKY

FIRES-T3 691 DC 300 1=1,8

FIRES-Y3 692 PSTUIL) ={1.4SEFSTIIII R 4TEXTI(III*{1 . +UERUTLLI) I/,
FIRES-T3 693 DESTULL, I)=STI{ 1) 1.+ TEXTI(I) I*( 1.+ UEXULILT) /B,
FIRES-T3 692 DPSTUI2411=TIC(11201 4SE*ST{1)IRCI.+UETUTILTIY Y 8,
FIRES~-T3 695 200 DPSTLUI 41 )=UTHE I R{ 1, +SE*STII) b {1+ TEXTI(1))/B.
FIRES-TY 696 DO 310 T1=1,3

FIRES-T3 697 CJAC(T 411 =0,

FIRES~-T3 698 CIAC(T.2)3=0C,

FIRES~-Y3 699 CJYAC(t,3)=0,

FIRES-T3 700 DD 310 J=1,8

FIPES-T3 701 CIJACHT 1 I=CUACE L, 1 P4DPSTULT ,J )X X(J)

FIRES~-T3 702 CJACTT 420 2CIACLT ,24DPSTUCT,J)%YYL(Y)

FIRES-T3 703 310 CIAC{ly3I=CIACI T, 3I4DPSTULLT 4 JI*22( )

FIRES-Y3 704 CALL IRVMAT (CYAC,DET I, 3)

FIRES~T3 705 vOL=VOL+DETY

FIRFS-T3 706 00 320 1=t,3

FIPES-T3 747 00 320 J=1,.8 .
FIRES-T3 TO0A Bll,J)=0.

FIRES-T3 709 00 320 K=1,3

FIRES-T3 710 220 DT o =BT JIHCIACT T W K)RXDPSTUCK y J)

FIRES-T3 711 WRITE {(6) DETIIPSTULL) g l=1,B) 0BT ) J518)4151,3)
FIRES-T3 712 330 CONTIMUE

FIRES-T3 713 VOLUME (N)=vDL

FIRES-T3 T71a 340 CCANTINUE

FIRES-T3 715 C

FIRCS~-T3 716 <

FIRES-T3 717 C PRINT TIHE MAXTMUN DANDWIOTH

FIRES-T3 718 C

FIPES-T3 719 C

FIRES-T3 720 WRT YD (NOUY,510) MRAND
FIRFS-T3 721 RETURN

7}
m
o

FIRES-T3 722 <

FIRCS-T3 723 C

FIRES~-T1] 724 C

FIRES-Y3Y 725 [

FINCS-T3 726 360 FORMAY (///720H s o s o THERFE ARE 15,234 1=D FLEMENTS o o » o )
FIRES~T12 127 37C FORNMATY (/7/5H ELNT 150 1 J O MAT (5 X.85H AREA/Y

LFIRES-T3 728 3RO FNNMATY (27720 o s s o THEPE ARE LI54240 20 £LENMINTS & o & o )
FIKES-T3 729 AY0 FCRMAT (/777201 e o v o THERF AQE L 15,234 2o LLIMENTS o o o « )
FIRES-TX 720 4CC FURMAT (/78K ELNMT,2%H ' J L8 | MAT ¢ SX o 10E THICKNESS /)




FIRES-T3 731 410 FURMAT [ /7750 FLMT 500 1 J K t 1 [ f B NMAY
TIRCS-13 73?7 1 /Y

FIRES-T3 731 42C FONRNMAT (A1%,FLO0.0}V
FIRPFES5=-T3 7 34 430 FOAMAT (615%,F10.0)
FIPES-T3 73% 440 FORNMAT (1015)
FIRES~T] 736 AS) FOPMAY (/720 ERPNN IN EL INPUT 77415 F10.5)
FIRES~T] 37 A0 FORMAT (/77200 ERRDR IN JL INPUT  //7615,F10.5%)
FIRES-T2 73R ATC FORMAT [/ /20R CERCR IR KL INPUT //7101%)
FIRFS-TY 734 480 FOUMAT (A15,F10.5)
e s-v3 T74C 460 FORNAY (GIS5,F15.5)
FIRES5-1T1 T4l 500 FURMATY (1019%)
FIVFS-T3 TA2 510 FORMAY (//7¢31H a o o MAXIMUM DANODWIDTH IS5 ,14,6H + o o}
FIRES~T] 742 END
FIPES=-T3 744 SURROUT INE INVMAT {A,DETJNDIM)
FIRES-12 745 C
FIRES~-T3 246 C
FIFFS-13 AT C SUBRCUT INE ®INVMAT X INVERTS THE JACOUOIAN MATRIX
rIRES-73 749 C
FIRES~T3 749 <
FIRES~-T3 750 DIMERSION A{(3,3), COFTR(3,3)
FIRES-TI 751 [
FITeEsS-13 752 C
rirEs-T13 753 IF (ADIM.EOQ.3) GT TO 20
FIRLCS~T3 754 c
IREsS-13 411 c 2-D JACOBYAN
FIRES-T] 756 C
FIRES-TT TG7 DETJU=AC1, 1) A(2,21-Al1,2)%AL2,1)
FIRES~-T3 rse COFTRUL, 1) =A12,2)
FIPES-T3 759 COFTRUL,2)=~-A0 2, 1)
FIRES~-T2] 760 COFTR{2 1 )=-Al1,2)
FIRFS-T3 761 CAFTRE2,:2V=A01,1)
FIRES-TY 762 D0 10 I=1,2
FIPES-T3 7€3 00 10 J=xi,2
FIRES~-T3 764 10 A(E,L,))=CUFTRIJ IV /DETY
FIRES-T3 765 FETURN
FIRES-T3  7€6 [4
FIPFS~T3 767 C 3-D JACOBIAN
FIPKF5-T2 7€P C
FINLS-T3 769 20 DETI=AU L BIHR(ALZ, 2V HAL S, 30 -AL2, 1AL 123 0=A(1 42 )% QAL2 41 )% A, 1 )-n(
FIRES-T) 770 122 3Y7A03, 1 38AC08, I CAC, I MAL 3, 2)=AL2,2)%A04,1))
FIRFS-T 771 COFTREL 1) =AL2,2Y%A(3 ,3)-A(P ,2)0A(3,2})
3 T3 rr> CAFTREL . 21=-A0 2, 1IYAL 3, JY A2, YI%AC3,1)
6-T3 773 COFTR{1 ,3)=A(P,1)RAL3," 1-A(2,2)%A(3,1)
FIEsS-113 774 COFTRIZ, 1)=-A0142V*A0 3,31 ¢A01,3)%A(3,7)
FILES=-T1 779 COFTRI242)1=A01, 107 04, 3)-AC01,31%A00, 1)
FIRLUS-T3 rTNn COFINI2, 1 ==A0 L 11 EALT,2) 0801 ,2)4A03,1)
FIRFS-TY 72717 COFTRI3.1)=AL1,20¢A0242~-AL 1, ) *A(D,2)
FINES-T3 77AH COFTRUILZI=-ACE, 110 A12, 1)1 ¢A(1 ,4)%AL2,1)
FIRES-T3 779 COFTRE2.3PzAC L 1IHAL2,2)=Al 1,320 AL 2,10}
rerr =113 780 D30 T=1,3
FIPIS-T3 78] PO 26 U=, 2
rIWES=-TY  7HD Y AT JY=CCFIR{J, 1)/ DF 1)
Py S5-T)  7F2 L TURN
FERI5-T73 714 1N



FIRFS-T3
FIPES-TT
FIRKFS-T3
FIRES~T3
FIRES-T3
FIRES-T3
FIRCS-T13
FIREFS-T3
FIPES-TI
FIRES~-T3
FIPFES-T3
FIRFS-T3
FIRPES-T3
FIRES-T3
FIPES~T]
FIRES~-T3
FIRES-T3
FIRFS~T3
FIRES-T3
FIRES~-T]
FIPFS-T3
FIRES~T3
FIRFS-T3
FIFES5-T2
FIRES~-T3
FIRES~T3
FIRFS-T)
FIRES~T3
FIRES~-T]
FIPES-T3
FIRES-T]
FIRES-T]
FIRES~T3
FIRES-T2
FINES~-T3
FIRES-T3
FIRES~-T3
FIRES-T3
FIRES-T2
FIRES-T
FIRES-T3
FIRES~T3
FIRES-T]
FIRES~-T3
FIRES~T3
FIRES-T3
FIRES~-T3
FIRFES~-TX
FIRF §-T3
FIRFS-73
FIPFS-T1
FIRES-T]
F[RES~T3
FIPES-T3
FIRES-T3
FIPFS~T3
FIRES~T2
FIRES-T3
FIFRCS-T3
FIPES-TR
TR S-T3
FIEF 5-T 1

78%
re6
7R7
rAn
7829
790
791
192
743
794
795
796
797
7sr
799
800
a01
BO2
eca
A0a
805
A06
ROT
aoe
809
ato
21t
812
B13
31a
a1s
ale
.3
a9
19
az20
azy
R22
823
B2s
82s
826
ar
azs
az0
8130
e
#4312
233
R3A
3315
E36
r37
418
a1q
Bao
Aaqt
B42
a4 3
344
8473
Fae

A NAANTANAAD

~ AN

(AR W ol ol Nat

lalial

~

[alal

SUNRCUTIRE MATRIAL (MATL ¢ XYS NSTUPL )

SUBRCLUTING ¥MATRIAL* INPUTS THF NECESSARY MATERIAL PROPERTIES.
THE VALUES OF THESE PROPERTIES ARE EITHER [N THE FCRM CF A
CONSTANY CR A L INFARIZED FUNCTION OF TEMPERATUKE .

NSTORE CONTAINS THE STARTING LOCATION FOR STORING THE L INEAREZED
MATERTAL PROPFRTY FUNCTIDNG AMD ALSO RETURME THE REOUIRED $TURAGE
FGR XYS TC FIRES~TH, .

CUMMON ZCONTROLY/ TTITLE(G) ¢ IREAD(BO) y NTIN,ANCUT y NPUNCH, NUMNDP , NEL 1D, N
1EL 2Dy NEL 3Dy NUMEL s MBAND yNMAT (NFAC 1D 4 NFBC 20, NFUC 30D 4, NRCHAT o NRCTYP
OIMENSTON MATL(R), XYS(})

NSTORE =1

OUTFLT PAGE HEALING

WRITE {ACUT,20)

WRITE (NOUT,30)

WHITE (KNOUT,40) ITITLE
wWRETE (KCUT,50} NMAT
WRITE (NOUY, 30}

DN 1C M= ,NMAT
WPITE (NUUT ,60% M

READ IN CONTROL VARJABLES, IF INTEGER VARIAELFE 1S 2ERC THAN
MATEFTAL VALUE 15 CONSTANT, IF TNTEGER CONSTANT IS GREATER THAN
2 TREN IT [S THE NUMOLR UF FOINYS PEQUIRED TO DESCRIFE THE
LINEARTZED TEMPERATUNE DEPENDENT FUNCTION

READ (NIN,70) MK ,MCP MO
NS=(M-| )6

INPUT COMDUCTIVITY DATA

WRITE (NOUY,RQ0)

MATL(NMS+1)=NSTORE

MATLINMES2) =K

CALL MATIN (MK, XYSINSTUNE )¢ XYSINSTORE ¢MK ) o XYS(KSTCKRE ¢ ¥MK+MK) |
NSYORE =NSTORE ¢ 3% MK

IF (MK . EQ .0} NSTOND=NSTORE # 1

INPUT SPECIFIC HEAT DATA

WREITE (NCUT ,90)

MATL (NS4 3 1=NSTOQRE

MATL (NS ¢4 )= MCP

CALL MATIN (MCP ¢ XYSINSTORE) yXYSIASTOKESMCP )y XYSINSTORE ¢M(PAMCB ) )
NSTNRE xASTOPE ¢ 3¢+MCP

IF (NCP.EGaO) ASTCRE=NSTCRE +1

INTUTY CENSITY DATA

WOITE (NOUT,100}

MATLAINGHSH )Y =NSTCRC

MATL(MS 4+ =MD

CALL MATIN (MO XYSINSTURE ) ¢ XYSINSTIRT $410)  XYSINSTURE 1D +.402) )
NSTORD =NEIOFL ¢ 3% VD

I (ME.FOL0) NSTORF=NSTURE ¢}



FIPRFS-T3
FINFES-T3
FIRES-T]
FIRES-T]
FIPEES-T3
FIRFS-T3
FIPRFS-Y3
FIRES-T3
FIRES-T3
FIRES-T3
FIRCS-T]
FIres-T3
FIRES-T3
FIRES~-T3
FIRFS-T3
FIRES-T3
FIPES-T3
FIRES~-T 2

FIPCS-T3
FIRFS-T3
FIRES-T1
FIRFS-T3
FIRES-T2
FIQES~-T3
FIFFS~T13
FIRES-T3
FINFS-T3
FIRES-T3
FIRES-T3
FIRES~-T3
FIRES-T3
FIRFS-T3
FIPES-T3
FIRES-T3
FIRES-T3
FIRES-Y3
FIRES-T3
FIRES-T3
FIRFS-T3
FIPCS-TY
FIPES~T]
FIPES-TX
FIRFS~13
FIPES-TQ
FIRFS-T1
FIRCS~T3
FIRES~T3
FIRE S~T3
FIRES-T 3
FINFS-T3
FIPES-T3
FIRFS-T3
FIptS-12
FIrEs-T3
FINER-TA
FIRES=-T]
FIRFS-T2

BA7
aan
L2 A
B350
as1
82
853
BEA
A55
856
as7
358
B59
BGO
B61
a62
863
8€a4

R6S
866
fET
A6A
69
aro
271

/T2
A73
374
875
876
B8T7T
arn
87y
aAs80
:2:3

AB2
AR3
nega
eES
RE6
BE7
aAnn
PES
R90
891

892
H93
gaa
Aan
Heh
A7
A9H
399
00
an

G500
903

Al a N oW Walial

AGN A ~AAN

~

s}

N W2

AN

10 CONTINLE

FETURA

E0 FORMAT [ 1HG6 50/9)

30 FORMAT (6 1H okl dokokobob ot b ok ol b o o seleofs oo sk ok o ok e bl ok oy ook sy det b 9 b o
Pl k)

40 FORMAY (/S5XSOHFIPES-T3 =~ FIRE RESPONSE OF STRUCTURFES ~ THFIRMAL ./
171X ,6A10)

€0 FORMATY { /SX, 43 THURMAL FROPERTIES OF SYSTEM TU 86 ANALYZFU /77 ¢HXy 1
TOMYHERE ARE ,13,20H DIFFERENT MATERIALS, /)

60 FURMAT U ///77,26H + o o o MATERIAL NUMAER ,T14,9H o+ o » o)

70 FORMAT (315)

B0 FORMAT (//7X25F o o« o CONDUCTIVITY & o o)

SO FORMAT [ //TX,26H + o « SPFCIFIC FEAY o 4 )

100 FNRMAT {(//77X,20H o o+ o DENSITY o , o} ’
END

SUNRDUTINE MATIN (K, XsY,S)

SUBRCUTINE *MATINS INPUTS FOR FACH MATERIAL [ 7S TEMFERATURE -
OEPENDENY PRCPERTIFS, CALCULATES SLODPES, AND P INTS THE UATA.

COMMON /CONTROLYZ TTITLELSY , IREADIBO Iy NINLNOUT s NPUNCH, NUMNE , NEL LGN
1EL 2Ny NEFL 3D, NUMEL s MHAND o NMAT (NFAC 1D (NFBC 20 (NFHCID ,NRCMAT (NUC(TYP
DIMENSTION XU1d,e YU(1De SH2)

IF (K<AF.0} GO TO 10

INPUT CONSTANY VALUF FUNCYION

READ (NIN,SO0) XTI

WEITE (ACUT,60) x{t)

RETULRN

INPUT VARIAKHLE VALUE FUNCT IOM

10 CCATINUF

CHFCK K FNR AN ALLOWAPLE NUMAFR CF POINYS [N FATFRIAL FUNCTICOH
IFf [KeEN.1.0RKeLTo0) GO TN AQ

ACAD (NEIN,50) (XE1Y . Y{1Ddl=1,K}

V=K-1

DETFRMIND THE SLCFES OF THF LINFAR SEGMENTS U THFE MATOHLAL
FUNCTIONS

NN 2C Tt WM
20 SU1)=AY(CI41)=-¥Y U IR 70 x0T}~ L))
WRILTF INCUY ,7C)

CUTHOYT THE FUNCTION TF 1T 15 VA LANLT

[FTANNE N B Y

c-15



FIFES-T3
FIRES—-T3
FIRES~-T3
FIRES~T3
FIRES-T3
FIRES-T3
FIRES-T]
FIRES~T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-T]
FIRES-T3
FIRES-13
FIRES-T)
FIRCS-T3
FIRES-T3
FIRES-T]
FIRES-T1
FIRES~-T3

FIRES~T3
FIRES-T3
FIRES-T)
FIRE S-T3
FIRES-T3
FIRES~T3
FIRES-T3
FIRES~T]
FIRES-T3
FIRES~-T3
FIPES-T3
FIRES~T]
FIRES~T]Y
FIRES-T3
FIRES~-V3
FIRES-T]
FIRES-T3
FIRES~-T2)
FIPFES-T]
FIRES~-T]
FIPES-TA
FINES~T]
FIRES-T 1
FIRES~-T)
FIRES-TI
FIFES-T3
FIRFS5~T11
FIRES~-T3
FIFES-T3
FIPES-T3
FIFFS-T3
FIRE S~T13
FIRES-T3
FIPFG-T)
 FIRES-T3
FIRES-T]
FIRFS~-T2

Q04
908
06
sor
908
969
910
11

212
912
9ta
9ts
916
917
91A
919
z2n
921

|22
9213

924
925
926
927
928
929
930
931
932

937
928
939
940
941

942
944
ga%
Qa6
947
1 1:]
949
asc
s
952
253
954
988
9”&
BT
3R
959
YED

antann

2 Nalal

40

10
20

40

e

WRITE (NGUT,80) t.X{1),Y(D)
WRITE (NQUT90) S(T1})
CONTINUE

WRITE (NCUY,R0) K,yX{K},Y(K)
RETURN

WREITE (NOUT,100) K
sTQP

FORMAT {(BE10.0)

FORMAY (/,39H MATERIAL PARAMETER OF CONSTANT VALUE ,Gt1.3)

FORNMATY t/5X 4 19HNDDE TEMPERATURE , 6X, SHVAL Ut , 7X SHSLOPE , /)

FORMAT {1Q4F1J.146XG11.T)

FORMAT (39%:G11.3})

EORMAT (/77 48AH ———meceecnaa PUCCRAM TERMINATED = cecwcnrawa /s 140
1 INPUT ERROR ./, 23N CONTROL CONSTANT 1S ,15,22H AND IT MUSTY PE F
2ITHER o/ 4 34H 0 OR GREATER THAMN UR EQUAL TC 2)

END

FUNCT ION VMAT (KyXysY, Sy ToNAME)

FURCYION #VMAT+ CALCULATES THE VALUE OF THf TEMPERATURE-DFPENDENT
VARTAALES REQUIRED IN THE THERMAL ANALYSIS

COMMON ZCONTROLZ ITITLECEY ¢ IRPEADIBO) ¢ NINJNDUT s APUNCH,, NUPNE,NELID, N
TEL20,AEL30, NUMEL , MBAND, NMAT sMFRC LD, NFBC 20 ,NFBL 30 ,NBCMAT ,NAC YYP
OIMENSION x(3), YU}, S(1)

IF (K.hEL0) GO TC 10

VMAT=x{1)

RETURN

[ED

=14+

IF {1.GT.K) GO TO S0

IF (T-X{1)1) 4a0,30.20

VMAT=Y(1)

RFTURN

IF (1.EQ.1) GO YO 50

VMAT=Y (1 -1)4S (I~ (T-XLI~1))

RE TUERN

WRITE (NOUT60) NAMD yTox(1) ,x1(K)

sTQR

FURMAT (/77 ,44P ~coe—me—ee ~=-FREGRAM TERMINATLL ~-c—commememmo Ve
1490H BLUADS OF CURVE DESCRINING MATERTAL PARANMETER (A10,1GH HAVE
2 AFEN EXCEEDED /7,231 YHE TEMPRRATURE WAS ,Flo.i.ZOH THE LOwEY An
IONIT IS JF 1O, 240 AND THF UPPER? PCURD IS T 102)

FND
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FIRES-73
FINES-T3
FIRES-T2
FIRES-T3
FIRFS-T3
FIRES~T3
FIRES-T]Y
FIRES-T3
FIPES-T]
FIRES-T13
FIPES-T]
FIRES~T3
FIPES~T3
FIRES-T3
FIPES~-T]
FIRES-T3
FINES-Y3
FIRES5~-T1
FIRES~-T3
FIRES~T3
FIRES-T3
FIRES-T3
FIRES~T3
FIRES~T3
FIRFS5-T3
FIPES-T]
FIRES-T3
FIRES~T3
F [RES-T213
FIRFS-T3
FIRES~T]
FIRES~T3
FIRES-T3
FIRES~T3
FIACS~T3
FIRCS-T3
FIRES~-T3
FIRES-T3
FIRES~T3
FIRES~-T3
FIRES-T1
FIRES-~-T3
FIRES- T3
FIRES~TH
FIRFS5~T3
FINES-T3
FIRES-T3
FIRES-T3
FIPES~T3
FIRES-TR
FIRES-13
FIRES-T]
FIRFS5-T13
FIRES-T3
TIRES-T3
FINES-T2
FIRFES-T3
FIRFS-T12
FIRES-T73
FIPFS-13
FIRLS~T3
rirrs-v3

$61
962
el
264
%65
*SEE
767
s6n
969
970
971
972
q72
974
975
976
97T
974
979
980
st
LI}
383
aga
985
986
487
988
989
390
991
992
993
994
111
596
o97
498
999
1000
1001
1002
1901
1004
1005
100%
1007
1003
1009
1010
1Nt
1012
1013
1014
1015
1ote
1017
1019
1e19
1020
to21
1022

[alaNalalale el

ann

AN ANAANANNOANAADN

~

AN

AR AN

10

SUARCULYTIAE COCNVERG (NTOTAL)

SUBHRCUL TINE ACONVERGE INPUTS THE C(CMNVERGENCE CRITERIA CCAYROLLING
THE MNATURE OF THE THERMAL ANALYSIS. THF PROGRAM CONTALINS THE

THE CAPABILIYVIES FCR ITERAYIVE SCLUTIONS DEALING WITH  THE UNTIPE
SYSTEM AND/OR THE FIRE BOUNDARY CONDITIONS

COMMCN ZCONTRIML/ TITITLE(G ), IREAD(BO) ¢yNENNOUT yNPUNCH g NUNNP NEL 1D oM
1EL2D JNEL 3D, NUNEL , MRAND , NMAT NFRCID,NFBC2ND NFBC30)NBCMAT yNBCTYP
COMMON Z/CONRGY NCONV,CONV BETA, NCONUCONU, ALPHA

QUTPLY PAGE HFADING
ARITE (ANQUY,20)
WRITE {NOUY,30)
WRITE (NOUT,40) ITIVLE
wWR1ITE (NOUY,S50)
WRITE (NOUY, 3D)
WRITE (ANCUT,60)
CONVERGENCE DETERMINED WHEN
28APSITLLY~TUTI-1)/7TCII4T{TI~1) LLESS THAN, CUNV Ci CONU

AND [IF CONVERGENCE 1S NMOY ACHIEVED THL NFEXY ESTINMATE CF THE
SYSTEMS TEMPERATURES IS OBTAINED THROUGH

TCT41) = TLUL) + BETA (OR ALPHA) *(T{I1)-T(I-11})

WHERE SYSTEM FIRE BC
CRITERIA CRITERIA
NCONY NCONV - NUMHER OF PERMISSIALE
ITERAT JONSL O~ TF PARTICUL AR
ITCRATICN IS NCY UESIFED)
CONY CONvV - PFEMISSIALE RELATIVE BERROM
ALPHA DETA - OVER RELAXAYTION FACTOR

IAPUT CCNVERGENCE CRITERIA

READ (KINy70) NCONV ,CONV,BETANCONU, CONU, AL PHA
1€ INCONU.EQ.0) GO 10 310

OUTFLT SYSTEM CCAVERGENCE CFITERIA

WHITE (NOUY 80) CONUNCONU, ALPHHA
CUNTINUE

OLTFUT FIRE HCUNNDARY CONDITICA CUNVERGENCF CRITCRIA
wWRITE (NOUT,90) CONV,NCUNV,BITA

ODIVICE PERMISSALL FPROR 3¥y Twi

CUNV=CONVY0.%0

CUNU=CONUP0 .50

GINRAGE KFCUTHUNERTY FCR FLANK CONMMON 15 NOW 2 INTLD



FIRES-TJ
FIRES-YJ
FIRES~-T3
FIRES~TV3
FIRES~-T3
FIRES-T3
FIRES~-T3
FIPES-T3
FIRES-T3
FIRES~T3
FIRES-T3
FIRES-T3
FIRES-T3
FINRES-13
FIRES-T3
FIRES-T3
FIRES-T]
FIRES-T3
FIRES-T]
FIRES-T3
FIRES-T3
FIRES~T3
FIRES~-T3

FIRES~-T3
FIRES-T3
FIRES-T3
FIRES-T13
FIRES-T2
FIRES-T3
FIRES~-T3
FIPES-T3
FIRES~T3
FIRES~T3
FIRFS-T3
FIRES~T3
FIRES~-T3
FINRES-T3
FIRES-T3
FIRES-T3
FIRES~-T3
FINES~TD
FIPES-T3
FIRES-T3
FIRES-T3
FIRFES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIFRFS-T3
FIPES-TR
FIAES~T3
FIRES-T3
FIRES~T3
FIRES-T3
L FIRES-T3
FIPES-T]
FIRES~-T)

1023
1024
1025
1026
1027
102R
1029
1930
1031
1022
1033
1034
1035
1036
1037
1038
1039
1040
1041}
1042
1043
1044
1045

1046
1047
1049
1Ca%
1050
1081

1052
1053
10%4
1055
1056
1087
1058
1089
1060
1061

1062
1063
1064
1065
L066
10€7
1068
10€9
1070
1071

1072
1073
1074
1075
1070
1077
1078
1079

AnNAAN

laNalal

AN AAANOAN

WRITE (NCUT 4100) NTOTALLAYCTAL
RETURN

20 FORMAT (1HG6,50/7))

30 FORNAT (61H St Atdkdhdhd kRt hd kd b dd b AR kh b o h 4 oA n A b e bAoAk b bk 8
TIIITIR]

40 FORNAY (/5X50HFIRES-TI - FIRF RESPUNSE OF STRUCTURES - THERNAL ./
1717 ,6A10)

S0 FORMAT (/SX46HINFOPMATION RELEVANT TG THE AMALYSIS PROCEDURE o/)

60 FCGRNMAY (///7/73BH '+ o o o CCNVERGENCE CRITERIA o & » o}

70 FORMAT (15,2F10,0,1%,2F10.0)

B0 FCRMAT {/7/740H CONVERCENCE CRITERIA FOR ENTIRE SYSTEM//,22H PER
IMISSIRLE ERROR = ,F10.57 434K MAX {MUM NUMBER OF ITERATVJONS =, 1%/,
212H ALPHA =,F10.4)

GO0 FNRNMAY (//,46H CCAVERGENCE CRITEKTEA FOR POUNDARY CONMDITIONS//, 74K
1 PERMISSIALE ERROR = ,F10.5/,35H MAXEMUM NUMARER OF ITERATIO
2NS =4,15,11 4 BETA =,F10.8)

100 FORMATY (////7,88K « o« o o STOFAGE REQUIREMENT (UR BLANK COMMON . .
I o «¢//75X,20HS12E ALANK COMMUN = 110,104 (OFCIMALY, /23X ,5H= o C
274,84 (CCTAL)Y

END

SURRCUTINE HEATFLO (XY ¢ZyKODEWDyMASTE,T2,T3,LMMMNTYPE DAREA, THICK
ToMATL o XY S 4 MAT ,FXYS LT )L JoLK)LL LNMAT GLFIRE, ATJKL ) LELEM, IFXV,EXYS,y IE
2Ly IMAT S VEL s Qs THH AT oA , VOLUME o AP 4 NUNRF AC)

SUBRCUTINE *HEAYFLO% IS THE THERNMAL ANALYSES COUNYKCLLER

COMMCN /COKTROLZ ITITLE(G) IFEAC(IBO) ¢ NINyNOUT ,NPUNCH,NUMNP ,NEL 1D b
TEL 20 ¢ NEFL 3D » NUMEL y MRAND s NMAT JNFAC LD NFBC20 NFECSD, NECKAT yNRCT VP
CCMMCN ZEXDTHZ NINTIDyNINT2DNINTIDWNINT NGINMT

COMMCA /CONRGZ/ NCONV,CONVLRET A, NCUONU, CONU, ALPHA

DIMENSTION (1) Y(1), 201}, XCDELL)y LMUL), MPTYFE(LD, LELENMIL), WV
BATLELI)y XYSE1), MAT(E D, FXYSCLD, LICT)e LJGL}, LKOLD,y LLCOD), LMATL
210 LFIRELLY, AT UKLOL), OGL1), TO1D, B(1), AT(1), A(NP,3}, D(1), MA
201y, THLE), T2C0), T3(1)y THICKEL1)y BAREAUY), IEXOC1), EXYS(1}, (F
aLtty, INMATLR), VEL(L), VOLUMEC(L)

CIMENSION TFIRE(a)

INETIALIZE THE SYSTEM
1P1=C

IP2=C

SOT=0.0

DS=Ca.C

IRPUT INITYIAL TIME STEP CARD

WHERF A - COMTROL wOnD ( STy
MOYT - SEQUERCE COUNTER - INUVTAL VAL Ut
TEME -~ SYSYEM CLCCK - TRITLAL VALUL
TEMP ~ INDICATOR FOP INTTIAL TEMBLRATUHRE - 1F NUON-2F KL

THEN TAKEN AS UNTFOAM INTTIAL TLMPERATURE DE S5YSTEM
dP = TOFNYTIFIER FOR OUNCHED UTOUY

c-18




FIRES-T3 10F0 READ (NIA,370) YANCT,TIME,TENP, P

FIPES-T3 1031 C

FIRES-T3 10FR2 C CUTPLUY HEADINC FOR INITTAL TIME STEP

FIRES-T3 to€e3 C

FTIRES-T3 10£4 WRITE (NGUY, 280}

FINES-T2 1DES WRITE (hUUT,390)

FIRES-T3 1096 WRITE (NOUTYT,400) ITITLE

EIRES-T3 t0B7 C

FINES-Y3 10FP8 IF (TALNF.AHSTEP) GC TO a0

FIPFS-TY 1089 C

FIRES-T3 1090 WRITE (NCUT,410) MDT, TINE

FIRES-TR 1091 WRITE (NOUT,390)

FIRES-TA 1092 C

FIRFS~-T3X 1091 « INIYIALTZE TEMFERATURES

FIRES-T3 10948 C

FIPLS-T3 1€9CS 17 (TEMF.NE.0.0) GC TO 10

FIPES-T3 1096 PEAD (NIN,420) (TU1),131,NUMNP)

FIRES-T3 1C97 GG TC 30

FIRES-Y3 109A 10 DO 20 K=t ¢NUMNP

FIRFS-T31 1099 20 TLLISTEMP

FIRES-T3 11CO C

FIRES~T3 1101 C QUYPUT INITIAL TEMPERATURFS

FIRES-TY 1107 C

FIRFS5-73 1103 30 CALL FROUT (4, T ,AT LM, ,T1 40 ,MAIN,ANCON,L)

FIRFS-T3 1104 . GO YD S0

FIFPES-T3 1108 C

FIRES~T3 1106 40 CONVYINUE

FIRES-T3 1107 <

FIRES-T3 110A C TERMINATYE PROGRAM ~ INITIAL VIME STEP CARD FRRUR
FIRFS-T3 1109 C

FIRES-T3 1110 WRITE (NCUT 430) TA,MOT,TINE,TENF, ,JP

FIVES-T3 111t sTnp

FIRFS-T3 1112 C

FIRES-T2 §113 =0 CONTINLE

FIPCS-TY 1114 C

FIRFS-T3 1§18 C READ T1IME STEP CAFRD

FIRES-T3 t116 C WHERE 1A - CONTYRDL WORD (STEP)

FIPES~-T3 1117 C NOT ~ SEQUENCE NUMDFR

FIRES-T3 LitA C DT - TIME STEP TNTERVAL

FINES-T3 1119 C ITOF — NUMDFR DOF NON-ZCPC TEMPLRATURE OUR FLUOW B.C.
FINES-T3 1120 C TFIKECY) - TEMPERATURF OF FIRE FOR CURRCNT TIME STUR
FIRES-T3 1121 C 1 CAN VARY FRCM I TO A
FIRES-T3 1122 C 11 - PRINTED QUTPUT NPTION

FIPCFS-73 1123 C 0 -~ NO PRINTED CUTPUTY

FIRPES-T3 1124 C 1 - GUTPUT NUODAL POINT TEMPERATURES
FIRFS5-7T3 112€ C 2 = CUTPUT ELEVERY TCMPERATURES
FIRES=-T3 11276/ L g 3 - QUTHUT HOTH NDDAL AND ELUMINY TEMPERATURES
FIRES-T3 1127 C 12 — PUNCHED OUTPUY OPTION

FIRES-T3 112A C CDDE SAME AS FOR PRINTED DATA
FIPES-T3 1129 C 16 ~ DFAUGGING OUYRPUT ORYIUN

FIRFS-T3 1130 C 17 - CHAMNGE (F FIRE SURFACE UULEMENTS 4PTION
FIPES-T3 113} C

FIRTS-T3 t17%2 60 RFEAD (NIN,440) JAGNODT UTITOFRTFIRECL) »TEIRFLZY, TFIKE UMY, TFIR{ (a),
FIPLES-73 11313 1T T2¢16,17

FIRES-TY 1134 MAIN=C

FIRES-T3 11235 MDY rMDT 41

FIRES-T 3 113C «

FINES-T3 1137 C CHECK SEGQUINOENG DE T IME STER CARD

FIRES-TY 113r C

FIBCS-7T3 1139 IF (NOT L EQeMOT ANDLJIALFO.ANSTFDY) o TC 20
FINES-T3 11AC ¢

FIRES-T Y 1141 C PROGHAM TEOMINATED U SEFCUCKNCING +P1LOW



FIREFS-T3 1142 C

FIRES-T3 1143 wRITE {(NOUT ,a50)

FIRES~-T3 1144 70 WRITE (NDUT,460) TAJNDT ,OTITOF,TFIRECL) ,TFIRE(2),TYFIRE(3),TFIFF (4
FIRES-T3 1145 13119324056, 17

FIRES-Y3 1146 STCF

FIPES-T3 1147 80 WRIVYE {(NOUT,470)

FIRES~T3 1148 GG TC 70

FIFES-T3 1149 C

FIFES-T3 1150 C ESTAELISH T IME INTEPVAL DY
FIRES-T3 1151 C

FIRES~TI 1152 SO IF (0OT7) 10C,110,120

FIRES-T3 1183 1C0 wRITE (NOUT,A80)

FIRES~-T3 1154 RE YLRN

FIRES-T3 1155 C

FIRES-T3 115¢ 110 IF (DS.EC.0.0) GO YC BO
FIRES~T3 L1157 DT=0S

FIRES~-T3 1158 GC TC 130

FIRES~T3 1159 120 DS=D?

FIRES~-Y3 1160 130 CONTINUE

FIRES~-T3 t1€1 C

FIRES-T3 1162 TIME=TIME+DY

FIRES-T3 1162 C

FIRES-T3 1164 C QUTPLT HEADING FOR TIME STEP
FIRES~-T3 1165 C

FIRES-TI 11€6 WRITE (NCUT,380)

FIPES-T3 1167 WRITE (NDUT,390)

FIRES-T3 1168 WHITE (NCUT,400) IVITLE
FIRES-T3 1169 WRITE (NOUT,490) NOT,TIME, DY
FIRES-T3 1170 WEITE (NOUT ,390)

FIRES-T3 1Lt7) WRITE (NOUT,500) I1TCF
FIRES-T3 1172 IF INUMFBC.EQG,0) GO YO 140
FIRES-T3 1173 WRIYE (NOUT,S10) U(I,TFIRE(TI), Ix1,4)
FIRES~-T3 1178 140 CONTINVE

FIRES~-Y3 117S 07 2=t /07

FIRES-T2 117¢€ C

FIRES~-T3 1177 C

FIRES-T1 1178 C 8 EGI NNING o, F SYSTF M I TERATI!ION
FIRES~-T3 1179 C

FIPES-T3 1180 C

FIRES-T3 118t 150 MATAR=MATNGL

FIRES-T3 1182 c
FIRES-T3 1163 4 SAVE THE INITIALLY ASSUMED TEMPERATURES IN VECTUR T1

FIRES-TJ 1164 d

FIPES-T3 1185 DD 160 N=1,NUMNP

FIRES-13 1186 160 THINY=TIN)

FIRES-T3 1187 IF {T6.NE.O) CALL PRUOUT (1, TyAT,LMTL 0 MATRRCCN,IT)

FIRES-T3 1188 <

TIMES-T3 1189 < FORM CONDLCTIVITY MATRIX AND STORE IN MATRIX A, AND ALSH FURM
FIRES-T3 1190 ¢ THE FEAT CAHACITY MATRIX AND STORE IN VECTOR O

FIRES-TI 1161 <

¢ IPES~T3 1102 CALL HOONDC (AT, A NUMNP JMATL 4 XYSoT0 LMy MNTYPE ,AAREA ) THICK X 0¥y 2,V
FIRES-T3 1193 10LUME)

FIRES-T3 1§94 d

FIPES-T3 1195 e INITTALTZE HEAT LDAD VECTOR 1O 0.0 - VECTOR 3

FIFES-T3 1196 c

FIFES-T3 1197 DI 17C 121, NUMNP

FIPES-T3I 1198 170 HI1)=0.0

FIPES-T3 1199 .

FIRES-T3 1200 « ADD INTFRNAL HEAT GENERATION 10 VECTOR R

FIRFS-T3 1201

FIRES~-T3 1207 IF (NINTLEQ.0Y GO 1T 140

FIPFS-T31 1203 CALL CEXC (LM, IFL o TMAT  TEXU EXYS p AT GMATL (VL o MMIEYEF B XYS, TIVE )
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FIRES-T3 1224
FIRES5-T3 1205
FIPFS-T3 1206
FIRES~T3 1207 .
FIRES~-TI 1200 180 CALL HATEMP (1TOF 40,KODE +8 A, NUMAR MATN,T2,C)

INPUT ANY NON-ZERD TOCMPERATURE AND FLOW BCUNDARY CONDITCAS
ANG ADDE THE RELATEDR TERMS T3 MATRIX A AND VECTOR @

O~ N

FIRCS~-T3 1209 C

FIPES-T3 1210 C ADD CAPACITY TERMS TC CCNDUCTIVITY MATRIX A
FIRFS5-T3 1211 C

FIRES-TY3 1212 DO 2C0 N=1 ,NUMNP

FIFPES-TY 1213 IF (KCOEIN) .EQ.AHTEMP) GO TO 200

FIRCS-T3 1214 IF (CIN))Y 190,200,190

FIRES~TI 1215 1S0 AINSLIZA(N,1)+QINYEOT2

FINPES-TI 1216 200 CONTIMNUE

FIRES-T3 1217 c

FIRES~-T3 1218 [4 TRIANGULARTIZE THE MOODIFIED CONDULTIVITY MATRD X
FIRFS-T3 1216 C

FIRES-T3Y 1220 CALL MSYM (1,BMA, A ,NUMKF)

FIPES-TS 1221 ’ C

FIRES-T2 1222 IF (NMAIN.NCel) CGT TC 220

FIRES~TY 1223 C

FIRES-T3 1224 C CALCULATE EFFECTIVE L OAC VECTOR £

FIPES-T] 1225 C

FIPES-T3 1226 C CALCULATE CAPACITY MATRIX CONTRIBUTION YO THE EFFECTIVE LCAD
FIRES-TI 1227 C AND SAVE [N VECTICR T2

FIRES-T3 1228 C

FIRES~-T3 1229 DC 210 1i=1 NUNKP

FIRES~-T3 1230 It (KODFIIT).EQ., aHTEMP) GO TO 21cC

FIRES-TI 123 T2¢4T1 =00 LT )I*Y (XTI I%DT2

FIRES-T3 1222 210 CONTIMNUE

FIRES-T3 1233 220 DO 23¢ 11=1,RUMND

FI{RES5-T3 1223s IF (KCDE(EL)EQ.ARTFMP) GO TO 220

FIRPES-T3 12238 BUITIsBCLIX4T201TY

FINRFS~T3 1236 230 at1)=€L11)

FIPES-T2 1237 NCCh=0

FIRES-YI 1238 IF {ARUMFEC.EQ.0) GI) TO 2690

FIRES-T3 1239 C

FIRES-T3 1240 C IF FIRE BOUNDARY CNNDITION SURPFACE CONFIGURATICN IS TO Dk CHANCGED
FINRES-T3 1241 C ON THIS TIME STEP, INPUT THE NFW DATA
FIRES-T3 1242 C .

FIRES-T3 1243 IF (17.£Q.0}) GD YO 250

FIRES-T3 1244 CALL TIRERC (XY, ZyKOOF ) DAREATHICK 4L I LIt KyLL JLMAT,LEIRE JAT JKL 4L
FIRES~-TI 1245 IELEM}

FIRFS-TI 1246 C

FIRES-T2 1247 L4

FIRES-T3 1248 C NEGCGINNING 0F F1nt A, Ce I TE &K AT I CN
tIRES-TI 1249 C

FINRES-TI 1250 C

FIRFES-T3 1251 240 CONTINUF

FIRCS-T7Y 1252 C

FIPES-~-T3 1253 C CALCULATE THE HEATY FLOW RELATED 10 THE FIRF B.C.
FIRES-73 1254 C

FIRES-TI 1289 ZED CALL FIRD (LY LI Kyl ol MAT JLETFE G ATJIKL s MAT o FXY 5, T TFIRF P )
FIRES-T3 1296 NCON=NCIIN ¢}

FIPES-TY 1297 C

FIRES~-T3 17258 «C CALCULATLE THF TEMPL RATUDNPES THPOUCH PNACK SUBRSTITUTION
FIRES-T3 1259 C

FIPFS-T3 1260 cC0 CALL NSYM [P ,AyNA A NUNKE)

FIRES-T3 1261 [

FIRUS=-TY 12¢2 [ EANUNIDCT0,0) GO TO 200

FIVES-TY 1263 IF (INCONV.T 0.2 GO TO 2up

FINES=-TY 1264 TF (IO WNE.0) CALL OROUT (23T, AT I My T 1,0 ¢eMALM,NCTR, L)
FIPES-Y1 12¢% [ 4
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FIRES~T3
FIRES~-Y3
FIRES-T3
FIPFS~T3
FIRES-TJ3
FIRES-TJ
FIRES-T3
FIRES-T3
FIFES~T3
FIRES-T3
FIRFS~-T3
FIRFS-T3
FIR[ES-T3
FIRES-T3
FIRES~-T]
FIPES-T3
FIRFS~T3
FIRFS-T3
FIPES-T3
FIRFS~-T3
FIRES-T3
FIFPES~T3
FIRES-T3
FIRPES-T]
FIRE 5-T2
FIFES-T3
FIRES-~T3
FIRES-T3
FIRES~T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRFS-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIPES-T3
FIRES-T]
FIRCS-T3
FIRES~T3
FIPES-T3
FIRES-TJ
FIFES-TS
FIRES~-T3
FIRES~T3
FIPES~T3
FIRES~-T3
FIPES-T2
FIRES-T3
F IRFS-T3
FIPEG~-T]
FIRES-T3
FIPES-T3
FIRES-T2
FIRES-T3
FIRKES-T3
FIRFS5-73
FIRES~T3
FIRES-T13
FIRES-T]
FIMES-T3

1266
1267
1268
1269
127¢
1271
1272
1273
1274
1275
1276
1277
1278
1279
12&0
1281
t282
12€3
1284
12¢5
t28e
1297
12an
1289
1290
1291
1292
1293
1294
1295
1296
1297
1268
1299
1300
1301
1302
1303
t30a
1308
1306
1307
tion
1309
1310
131t
1312
1312
1314
1215
1316
tnz
1318
1319
1320
1321
1322
1222
1324
1325
137¢
ta27

(o)

AOAN

nAN [a1a Wal

AN

[alaNal ann

270
2€0
250

3co

310

320

(¥
tat
<

340

350

360

27C
aao

CHECK FOR CONVERGENCE OF FIRF ReCo CYCLF AGAINST FERMISSILLE FRERCH

DG 27C N=1yNUMNE
DX=AESIN(N}~TINY)
OY=CCAVEARS(BIN)4T(N))
¥ (Dx.GY.0Y} GO TO 300
CONT INUE

DO 26C N=i «NUMNE
TIN)=F(N)

GC ¥¢ 320

IF COAVEFRGENCE NNT DBTAINED CHFECK FOR POSSIBILITY OF EXCEFDING
PERMISSTHELE NUMPER OF CYCLES FOR FIRE F.C,

IF (RCONCGT+ACCAV) CALL PROUT (34T AT LM, T1,BsMAIN NCON,L L)
ESTINATE NEW APPROXIMATION OF TEMPERATURES FUR FIRE EB.C.

00 210 JJ=],NUMNP
OX=0CJI)~T(IJ)
T(IIP=BC JIV+BETARDX
BLJIII=CLIN)

GO0 TC 240

IF (NCCAUL.EGW0) GC YO 360
CHECX CCAVERGENCE OF SYSTEM CYCLE AGAINST PERMISSIBLE ERNRCR

D1 23C N=1,NUMNP
DX=AESI{TIN)-TIIN))
DYaCONL¥ABSITINI+TIIN))
IF (CX.GT.CY) GO YO 340
CUONTYINLE

GO TQ Y60

CHECK YD SEE 1F NUMAELR OF SYSTEM ITERATICMAS HAS EXCEEDED
PERVISSTIBLE NUNRER OF ITFRATIONS

TF (MATN GTJNCONU) CALL PROUT (3 ,ToAT LMeT1,RMAIN,NCCA, 1)

‘ESTIMATE NEW AFFROXIMATICAN CF SYSTEMS TENFERATURES

DG 350 A=zl NUNMNF
DX=T(N)-TIIN)
TINI=T{N)+ALPHA®DX
G 10 tS¢C

CONT INUE

CHECK FOR DESIRFED OUTPUY

IF (114NEWQ) CALL PROUT (A T3 AT LMy T R MATN,NCON, T1 )}

IF LI2NE.0) CAILL PUDUT (T, 02, T 4AT  Xo¥e7 TIME LIPL,IP?,LM,J0)
NC=RCCN-)

NS=MAIN-]

WRITE (NDUT,,530) NS

WRT TE (NOLT,520) NC

6D 1C &0

FORMAT (A4 ,16,2F10.0,2%,43)
FOUMAY (JHH.GT/) )
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FIRFS~T21
FIRES-T3]
FIRES=-T2A
FIRES-T23
FIRES-T3
FIRES-13
FIRES-T)
FIRES~T3
FIRFES-T]
FIFES-T3
FIRES-T3
FIFES-T3
FIREFS~T3
FIRES-T]
rIREs-13
FIRES-T3
r IRES-T3
FIPES-T3
FIRES~-T3
FIPES-T3
¥ IPES-T3
FIRES~T3
FIRES-TY
FIPES-T3
FIRES-T]

FINES-T3
FINES-T3
FIPES-T3
FIRES~T13
FIRES=-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRL:S5-72
FIPES-T3
FInES~13
FIRES-T3
FIRFS-T1
FIRCS-1]
FIRES-T3
FIPES-T3
FILES~TY
rINES-73
FINES-T3
FIPES-T3
FIPrS-13]
rINES-T3
FIRES-T3
FINES-T3
FINES-¥ Y
FIOr5-1]
FIRES-T1
FIRES-TY
VARE §-13
FIRLS-T3
rIers-T3
PRl 5-T13

1328
1329
1330
1331
1332
1333
1324
1335
133¢
1337
1338
1339
1342
1341
1342
1343
1344
1345
1346
1347
13a8
1349
1350
1351
1352

1353
tica
1355
13%€
1357
1357
1359
1360
1361
1J€2
13613
t1ca
1365
13€6
1367
13¢A
1169
1370
1371
13172
1373
1174
1375
137¢
t377
137A
tarn
11399
1351
1382
1373
LR ELY

[aNaWaNalal

AN AN

A AN

390 FORMAT C(EIH A ASFAARCATERRRERA AR RSk hhhdb ARt bl kR F S Ak Rty d ko #ox
1t 4dd)

400 FOPMAT (/SXSOMFIRFS-T3 -~ FIRE RESPANSF OF STRUCTURLES - THERNAL ,/
1/71X,6A10)

M10 FORMAT [/1X,27HINITIAL SEQUENCT AUMAER 1S 414,214 ARD INITIAL TIWNF
1 1S ,F8.27)

4Z0 FORMAY (T(AX,FG.1))

AJ0 FORMAT {&(/),69H ~ — = — PHOGRAM TERMINATED ~ LRKROHF IN INITIAL TIWM
YE STEP CARD — - — =/ /71X, A4, 016,2F10.2,2X,A3)

440 FORMAY [A4,16,FIC.0:154FT0.CvATI)

A50 FORMAY (/77,434 TIME STEP CARD CUY OF SEQUENCE ~ CARD NUL,15/,12H
1 INPLY CARD)

460 FORMAT (//,57TH =~ - — - PROGHAM TEUMINATED - TIME STEP CARU WAS -
L= = =3//71%,A8,16,F10.2,15,4F10.2,415)

470 FURMAT (///7,3CH NN TIME INTERVAL FSTADLTISHED)

AR0 FORMATY (///,19H PROALEM COMPLETED)

A5G0 FNRMAY (/22X 8 THYIME STEP NUMNER I4,8H —~ TINVE 4F7,3,13K - VIME STC
1P WF7.27)

500 FORAMAT (/SX,50H NUNHBER CF NON-ZERD FLOw OR TEMPEHRATURE CUNDITIONS,
115)

510 FORMAY (/5X,24H FIRE BOUNDARY CONDITION, ALZ7X,SHFIREL ,11,4H) = ,F1
10.3,42X1)

520 FORMAYT (15,321 1. C. ITERATIONS WERE PERFORMED)

530 FDRMAT (/715,33H SYSTEM ITERATIONS WERE PERFORMFED)
END

SUBHOUT INE HCONCC (AT  AgNP gMATL o XYS 3T yQ LMy NMTYPE JBAREA , THICK 4 X, Y,
1Z 4 VOL UNF )

SUNRCUTINE #*HCONDCE® HORMS CONCUCTIVITY AND HEAT CAPACITY MATHICES

COMMON ZCONTRULYZ ITITULLTG) s TREADIHON ¢ NINGRTUT (NOUNCH  NUMNP L RILID BN
IFL2D,RELID NUMNEL ) FMAANDy NNV AT J AFRC IV NFHC2DZNFBC IOy NDTCMAT NOC TYP
DIMENSION ATEL1), ACNP 1), MATLOL1DY, xYS{LD), T(1), OCL}, S(H,B), LWV(
i)y FSTU(H), HI13IeR), MMTYPEIL1 )y BARFA(L), THICKC1), X021}, ¥iL), 2
211, FCSU2), SICa), TIL4), XXIA)}, YY(4), DOGTU(2,4), CIAC(3,3), VI
JUMELL)

DATA FUS/~0457735027, ¢0.857735027/

DATA S1/7~1avdesloe—1a/

DATA TI/Z-tey=tegtavle/

INUTIALEZE THE SYSTEMS CONDUCTIVITY MATDIX T 0.0
AND THF SYSTEMS HIFAT CAPACITY MATHRIX TO 0.0

DO 10 =1, ,NUMNP
10 0CIY=0.
MO =MP AR NUNKY

N 2C 1=1,M3
20 At{1)=0.0

CNE - O M T &S 1T LN AL t Lt MENTS

T {rELICLE G, 0 6 TH )
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FINFES-T3
FIRES~T3
FIRES-T3
FIRES~T3
FIRFS~-T13
FIRES~-T3
FIRES~-T13
FIRES-T3
FINFS~T3
FIPES-13
FIRES~T3
FIRES~T3
FIRES-T3
FIRES-T]
FIRE S~T3
FIRES-T2
FIRES~T3
FIRES-T3
FIRFS-T3
FIRES~-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-TJ3
FIRES-T]
FIRES-T3
FIPES-T3
FIPES-T3
FINES-T3
FIRES~T3
FIRES-T3J
FIRES~T3
FIRES-T3
FIRES-T3
FIRES~-T3
£ IRES-T3
FIPES-T3
FIRES-T]
FIRES-T3
FIRES~T3
F IRES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRFS-T3
FIRES-T3
FIPES-T3
FINES-T3
FIRES-T3
FIRES-T3
FIRFS-T3
FIPES-T3
FIRTS . T3
FIRES=T 3
FIPES-T]
FIPES-T1
FIRES-T3
FIFES-T3
FIRE5-T3
FIR-S-T2
FIRES~T1
FIRES~-T123

13RS
13P6
1327
1388
1388
1390
1391

1392
1393
1394
1365
1396
1397
1394
1399
1490
ta0l

1402
1403
1404
1405
1406
1407
1408
1409
1410
1411

1412
1413
1414
1415
1416
1417
141R
1819
1820
1821

1422
1423
1424
1425
1426
taz?
1428
1429
1430
tal}

1432
1433
1434
1435
1436
1427
1438
14739
1440
1a41

1442
1447
1444
1445
1446

oA

ANYOANAN

40

(1]

NLM=C

DO 40 h=1,NELID

ALMaRL N4 2

DO 2C ¥131,2

00 30 J=1,2

StIyJ)=xCa0

FI=LM(ALM-1)

KK3LWM({ALM)

AAzX{I1)~X{KK)}

AB=Y{11)~-Y (KK}

CC=2011)~2(KK}

XUL=SORT LAAY AA+FR*ABCCHCC)

ATIAY zCeS52(TLITIH+TIKK))

TEMP=AT(N)

NS2MNIYPEL(N)

MS=z(MS-1 )%

J=MATLINS Y}

K=MATLINS+2)

CONO=VMAT(K ¢ XYST ) o XYS{J4K ) o XYSU JEKEK) 4y TENE | OH Kt )
J=VATL (MS+3)

K=MATL(MS+S)

SPHT=VMAT (K XYS (I XYSIIAK) o XYSTJKEK) s TEND , 1 0K cPLY) ?
JzMATL{NSs5)

K=MATL {MS+6)

DENS=VNAT(K e XYS(J) ¢ XYS{I4K) ¢ XYSEJIK 4K )y TEMP , 1 0H ottty )
SC1+1)=BAREACN)*CCND/ZXL

S${142)=~5(1,1)

S(241)25(1,2)

SE24,2)=2801, 1)

QSTCRE=SPHTRDENSAXLA*HAREAIN)/ 2.

ADD ELEMENT CONDUCTIVITY AND CAPACLTY TO SYSTEM MATRICES

Ql111=0(11)14+0STYORF

QIKK}=O{KK) +CSTORE

ACTE 1) =A0TL,104501,1)

JI2KK-11+1

IF (JJeGTa0) AL11,J00=ACTT,0J)¢5(1,2)
Ji=zlI-KK+ 1)

IF (JJaGT0) AIKKZJSIEAIKK, 5I245(1,2)
AIKK 1Y ®A{KK, 1) +SC2,2)

CONT INUF

TwC-L1 MENSTIONAL ELEMENTS

IF (NEL2D.FC.0) GC TOD 270
NLM=28NELID

DN 260 Nz} NEL2D

NI =N+NEL1D

NeM=NLM ¢

DO 60 I=1,a

0N 60 J=1,4

S{1,341=0,.0

LLE =L MINLM-T)

LL2=L MINLM=-2)
LLY=LMINLV-E)

LLA=LMINLM)
ATINTI=0.252 (T (L) #TELL2)aTLLANTILLAY)

THESY FOR ORIFNYATION OF 2«0 FLENMEM - X-¥, X=2, CR Y=-7 PLAN}t
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FIRFS=-13
FIRES-T3
FIPES-T3
FIRES-T3
FIPES-T3
FIRES-T3
FIRES-T3
FIRFS-T3
FINE S-T3
FIRES-T73
FIPES-T3
FIRES-T12
FIPES-T3
FIRES-T3
FIAGS-T3
rIPES-T3
FIPES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIFES-T3
FIPES-T3
FIPES-13
FIPES-T3
FIRES-T3
FIRE 5= 13
FIPES-T]
FIRES-T3
¥ IRES~T3
CIRES-T3
FIPES-T3
FIPES-T3
FINES-T3
FIPFS-T3
FIRES~T3
FINES-T3
FIRES-T3
FIRFS-T3
FIRES-T3
FIPES-T3
FIRES-T3
FIRES-T3
FIPES~-T]3
ringEs-13
FIRES-T3
EIPES-13
¥ IRES-T3
FIRES-TD
FIPES-T3
TIRES-TY
T L B K
rIeca-T3a
FIRES-T3
FIPLS-T2
FIags-v3
FIRE S-T3
FINES~-T]
FIPES-T3
FIRE G-113

1647
1448
1449
1850
1451
1452
1457
1454
18€5
1456
1457
1458
1450
14€0
14€1
1462
1463
1464
14¢5
1466
1467
rac e
1469
1470C
1471
tav7?
14713
1474
1475
1476
1477
1479
1479
t480
1481
1482
tag3
1484
1485
1486
1417
1409
14497
1490
1491
1492
14571
1494
1495
1496
1497
tagn
1490
1500
1501
1597
1503
1304
150%
150
1h07
1808

70

a0

GC

100

140

150

160

170

180

190

JO=LNMINLM-3)

2272=21030)

D0 7C ¥ =1,3

I=LMINLM-3¢1)

NZ=AES(ZIZ~-Z(4))

IF {0Z7.G67.0.00001) 6D YO 90
CONTINUF

DO AQ (=1!,4

JELM{NLM-83T)

XX(E)=xtJ)

yY{iy=ytn

G YO 160

YYY=YLJ0)

DO 100 T=21,3

JTLN¥IALM-341)

DY=ARPS(YYY-Y(J)})

IF (DY.GT.0.C00Ct) GO TO 120
CONTINYE

No 11C KI=1,4

J=LM{NLM-441)

XX(T) =20 )

YYtty=z03)

GU 7€ 160

XXX=x{ J0)

00 120 ¥=1,3

JTUNMCALM-341)

DX=ABSI{XXX-X{ 1)) *
IF {(OX.GT.0.00001) GU YO 150
CONTIKNUE

OC 140 Y=1,4

J=LN(RLM-A41)

xX{l)=v(J}

YY{1)=242)

GO YO 1460

WRITE UNOUT,370) N

sTap

VOL=C. C

DO 220 Ifl=1,2

DO 220 JJJ=t,?

SF=POS(TIL)

T¢ =PCSLIII)

DU 70 1=1,4

POTULT )=l ¢SFASTUTII)XC . eTR*TI( 1) )/4.
DOSTLELDA=SHUI IR o+ TEXTILID ) /A,
DPSTUL2, 1)=T {1 )4(1.#SEXSICI) )/ a,
DO 180 1=21,2

CIACTT,1)=0.0

CJACL1,2)=0,0

DO LRO J=),a

CIACCT, 1)=CIACI T 1) eOPSTUL Ty exx( D)
CIACY 2 ) 2CIACLT 2 140PSTUCT D)4y Y ()
CALL TANVMAT (CJUACDETI, Y

VL =VOL OUET J4THICKIN)

D) 160 U=t,2

N 1190 Jsh, 8

BUT 4J) =9,0

O 190 K=1,72

P I =F 0L, JIGUIACLET,KINLPSTOK, J)
ATT=Ca

nrorog I=lya

L=t MIM M-a¢ 1)
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FIRES-T3 1509 200 ATT=ATY4PSTULLIRTLL)

FIRFES~-T3 (S10 TYTEMPzATT

FINES-Y3 1511 wE=NNIYPE(NT)

FIRES~-F3 1582 MS=(MS~1)*6

FIPES-T3 1513 JaMATL (MS+1)

FIRES-TA 1516 K=MATL({MS+2)

FIRES-TY3 1515 COND2VMATIK ¢ XYSEJII  XYSTUSeR ) s XYSTJIEKEK ) L, TEMP , | OH X(T) 1]
FIRES-T2Y 1516 J=MATLINMS+I) '

FIRES=-T3 1517 K=MATLIMS+4)

FIRES-T3 1518 SPHTsVWAT IR XYSTJ Do XVSLI4K )y XYSTJAK K)o TEMP,10H  CPIT) )
FIRES-T3 1519 JaMATLIMS+HS)

FIPES-T3 1520 K=MATL{MS+6)

FIRES-TI 1521 DENSzVMATIK o XYSCJ) g XYS(I4KDoXYSUIHK 4K ), TEMP , JOM DIT)
FIRES-T3 1522 DETCON=DE TJ%COND* THICK {N)

FIRES-T3 1523 DC 210 I=1,4

FIRES-T3 1S2a DO 210 I=1,d

FIRES~-T3 1525 DO 210 Ke1,2

FIPES-T3 1526 210 SUT,J)=S{1 .M +DETCCARE(K, [)PE K, I)

FIRES~T3 1§27 220 CONTINVE

FIPES-T3 528 QS TORE=DERSFSPHETHVOL/ &

FIRES-T3 1529 c

FIPES-T3 1530 c ADN ELEMENT CAPACITY MATRIX TO SYSTEM CAPACITY MATRIX
FIRES-T3 1531 C

FIRES~-T3 1532 DO 220 L=l,4

FIRES-T3 1531 1=LNM(NLM-a+L)

FIRES-T3 1534 230 0(1)=20(1)+0STORE

FIPES-T3 1535 c

FIRES-T3 153€ c ADD ELEMENT CCACUCTIVITY TO SYSTEM CONQUCTIVIIY MATRIEX
FIRFS~T3 1537 c

FIRES-T3 1538 ' DO 260 L=1,4

FIRES-T3 1529 1=LM(NLM=-a4L)

FIPES-T3 1540 i DO 250 M=1,4

FIRES-T3 1541 JELN(RLN~A+M)-~T41

FIRES-T3 1542 IF (J) 250,25C, 240

FIRES~TI 1541 240 A(1,3T1=A0T,3)45(L M)

FIRES-T3 1544 250 CONTINUE

FIRES-T3 1545 260 CONTINUE

FIRES-T3 1546 i C

FIPES-T3 1547 c

FIRES-T3 1548 c THREE-CIMENSTIONAL ELEWMERNTSES
FIRES~T3 1549 C

FIPES-T3 1550 c

FIPES-13 I8E] 270 IF (NEL3L.EQ.0) GC TC 360

FIRES-T3 1582 REWIND &

FIRPES-T3 1553 NLN=2 *NEL ID+4 *NEL 2D

FIRES-T3 1884 DU 35C N=1,NEL3D

FIRES~-T3 1555 N1=N4NEL 104NEL 20

FIPES-13 1586 ALN=RLV4A

FIPES-T3 1587 PO PED 1=1,8

FIRES-T3 1558 0C 280 J=1,8

FIRES-T3 1859 2€0 S(1,J¥=0.0

FIRES~-T3 1560 LLEI=LMINLM=-7)

FIRCS-T3 {561 LL2=LMINLM-6Y

FIRES-TA 1562 : LL 2L MUNLM=%)

FIRES~T3 1563 LLA=LNINLN-4)

FIRES-T3 1564 LL5=LMINLN=3)

FIRES-T3 15K% LLE=LMINLM-2}

FIRES~-T3 18A6 LL?Z=LNMINLM=})

FIRES=T3 1567 LLE=L NI NLW)

FIRFS~-T3 1560 ATINII= o 12540 TILL 14T LL 29 TU L3I 4TILLAY (L LS e TILLEIFTCLLZ)ATILL
FIRCFES~-T3 15¢6 1Ry Y

FIES~T3 1570 N 210 Li1=1,2
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FIRTCS-T3
FIRES-T3
FIRCS-T2
FIRCS~-Y3
FIRES~-T3
FIRES-TA
FIRES-T3
FIRES-T]
FIRES-T]
FIPES-TJ
FIRES-T3
FIRES-TJ
FIRES-T3
FIRES~T3
FIRES~-TI
FIRES-T3
FIRES-TA
FIRES-T3
FINRES-T3
FIRES~T3
FIPES~-T3
FIRES-TJ
FIRES-T3
FIRES-T3
FIRES~T3
FIRES-T3
FIRES~-T3
FIRES~T3
FIPCS-T3
FIRES-T3
FIRES-T3
FIRES~TJ]
FIRES-T3
FIRES-T3
FIRES-T3
FIRES~-T3
FIRES-TJ3
FIRES-T3
FIRES-T3
FIRES~T3
FIPES-T3
FIPES~-T3
FIRES~T3
FIRES-T13
FIRES-T3
FIRES-T3
FIRFES-13
FIFPES-T3
FIFES-T3
FIRES-T3
FIPES-T3

¥IPES-T3
FIPES-T)
TIPCS-T3
FIRES-T3
VIVES-T3
FIMFS-T]

1571

1572
1573
1574
1575
1576
1577
1578
1579
1580
1581

1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601

1602
1603
1604
18605
1606
1607
1608
1608
1610
1611t
1612
1613
1614
1615
1616
1617
1614
€19
1620
1621

1622
1523
1624
1624
1A70
1627

nn

ANA

AN AN

00 310 JJJ=1,2
D0 31C KKK=1,2

RUAD (6} DETSo(PSTUCT )yl =148) el 4J)od=148),0=],3)

ATY=C,
o0 26¢C 1=1,8
L=LMIN M-B41)

260 ATT=ATY+FESTULLI*TIL)
TEMP= AYY
VeEzNrTYPEIN] )
ME2(ME~T } %6
J=PATLINVS 1)
K=NATLIMS4 D)

CONO=VMATIK ¢ XYSUJ) o XYSUS4K I ) XYSI4K4K) , TEME (1 OH

J=MATLIMSH3)
K=MATL(MS+a)

SPHTaVMAT K ¢ XYS{I ) e XYS(JIHC) g XYS{J4K 4K ), TENP L1 OH

J=MATLIMSES)
K=MATL{MS+E)

DENS=VMATUIK ¢ XYSEI Do XYSUI4K) yXYSLIEK 4K Do TEMP, 10K

DETCON=OE YUXCOND
00 300 1=%,8
00 300 J=t,R
DO 3CC K=1,3

300 STl J¥=S{I.JI4DETCONYRIK, T )RBIK, J)

210 CONTINUE
VOL =VOLUME(N)

OSTORE=DENSKSFEHTAVOL/ R,

K(T)

CP(T)

ot

ADC ELENENT CAPACITY MATRIX TO SYSTEM CAPACITY MATRIX

0N 320 L=1,8
F=LVIALN-A+L)
220 01 YI=Q{T)+QSTORF

ADD ELEMENT CONDUCTIVITY TD THE SYSTEMS CONCUCTIVITY MATRIX ~ A

DO 340 L=1,8
TaLMONLM-B4L)
DO 240 wMxi,8
J2LMIALM-BeM) -4
1F tJ) 240,340,330
A20 A(Y 2 J¥=ALT D 4S L MY
340 CONYINUE
350 CONTINUE

360 RETURN

370 FONMAT (/731H STOP-ERROAR IN

t-2, CR ¥Y-2 PLANE)
END

E~N ELEMENT NO.

SLHRCUTINE HATENMD (ITOF y D KOO g P Ay N MAIN T T, )

SLRRACLTYIRAE 2HATEMEY
POUNCARY CONDITINNY
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FIRES-T3 1e28 C

FIRES-T3 1629 COMMCN ZCONTARDL/ ITETLE(E) JIREAD(HRO) ¢ NINJNOUT JAEUNCH MUNNE ,RELEE oM
FIFES-T3 16710 LEL20)MEL3D oy NUMEL 4 MPARND y MM AT ( NFRAC IOy NFRCZ2D,NFHC 30U yNHCMAT JNAC TYP
FIRECS~-T3 1631 OIMENSION DUY), KNDECL), BUL), ACNP, 1), FTC1D, J(1)
FIRFS-T3 1632 IF (MATAGNELL) GO TO 30

FIRES-T2 1623 C

FIFES-T31 1634 [ INITIAL TZE TEMPERATURE AND FLUW E.Ce T0 0.0
FIRES~T2 te35 C

FIPES-T1 16236 DU 1€ 1=1,NUMNP

FIRES-TY 1637 10 BU1)=0.0

FIRES-T? 1638 C

FIRES-T3 1639 IF (ITOF.EQ.0) GO TO 20

FIRFES-¥3 16a0 C

FIRES-T3 1641 WRITE (NOUT,100)

FIFES-T] 1642 [4 -

FIPES-Y3 1€4) C INPUT NON-ZEAC TEVMPERATURE AND FLOW B.C,

FIPES-T3 1644 <

FIRES-TY 1645 READ ININ,120) (D01}, FT (L), I=1,1V0F)

FIRES-T2 1646 WHITE (NOLT,120)

FIRES-T3 1647 4 )
FIRES~TI 1648 C OQUTPLT THE NON-ZERC BCURDARY CONCITIONS AND SYORE IN MATRIX D
FIPES-T3 1649 c

FIPES-T3 1650 DO 20 1=1,1TOF

FIRES~-T3 1651 Ir=J0g)

FIRES-T3 1652 D{INY=2FT (1)

FIRES-T2 J€%2 JJI=KCDE(TI])

FIRPES-T3 1654 WRITE {NOUT,130) 11,J4,0011)

FIRES-T3 1655 20 CONTINUE

FIPES~-T1 16%6 <

FIRES~T3 1657 30 DO 90 Nzi,NUMNP

FIRES-T2 1€¢8e [

FIRES-T3 1659 4 MODIFY MATRIX A FOR FLOW B.C.

FIRES-T3 1660 C

FIRES-T] 1661 BIN)=EI{NI+DI(N}

FIRES-T3 1662 IF (KODEIN) .EQ.AHFLOW) GO TO 90

FIRES-T2 1€¢61 [ o

FIRPES-T3 1664 C MODIFY A AND A NMATRIX FCR TEMPERATURE N.C.
FIRES-T3 1665 C

FIPES-T3 1666 DC #C M=2 ,MBAND

FIRES-T2 1667 Kz=N~-N3}

FIRES-T2 16€R IF (x) 50,50,40

FIPES-T3 1669 A0 BIK)=BI{KI-AL{K ,M}*DIN)

FIPES-T2 1670 ALK, MI=D .0

FIRES~T3 1671 €0 L=NeN-1

FIRES-T3 1672 IF (AUMNP-L) 70,6C,60

FIRES~TY 1673 60 AILIZELLI-AL(K,MI¥D(N)

FIRES-T3 1674 70 AINMY=0,0

FIPES-T3 1675 80 CONTINUF

FIRES-T3 1676 A(NJ1Y=1.0

FIFES-T3 1677 BINYI=C(N)

FIRES~-T3 1e7p G0 CONTINLE

FIFES-T3 167G C

FIRCS-T3 1680 FETURN

FIRES-T3 6P C

FIPES-T3 1682 C

FEIRES-T3 16F3 1CO FORMAT (//5X,31FVALUES CF TEMPEOATURES DR FLUNWS/ 10X, 22MFOR NOR=ZF R
FIPES-T3 16M4 10 ROUNDARY CONDITIONS)

FINES-T2 16R5 110 FCRNMAY (5(15,¢10.7))

FIRES-TR 1676 120 FURNMAT (/,BH NCDE 37X 8 HTYPE 10X ,SHVALUE )
FIRES-T1 1687 L3N FORMAT (T8, 7%, A8, 5X,F10.2) '

FIRES~-T3 1684 CRD
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FIRES-T3
FIRES-T3
FIPES-T3
FIRES-T]
FIRES~T3
FIRES~-T3
FIRES-TY
FIRES-T3
FIRES-Y3
FIPES-T2
FIRES-T3
FIRES-T3
FINES-T2
FIRES-T3
FIRFS-T3
FIRES- 13
FIRCS-T3
FIRES-T3
FIRFS-T3
FIRES-T3
r IRES-T3
FIRES=T3
FIRES-T3
FIFES-T3
FIRES~TA
FIRES-T3
FINES~T3
FIRE S-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIPES-T3
FIRE S-T13
FIRES-T3
FINES-T3
FIRES-T3
FIRES-T3
FIRES-T13
FIPES-T3
FIPES-T3
FIPES-T3
FINES-T3
FIRES-T3
FIRES-T3
FIRMS-T3
FIRES-T2
FIRES =T 2
FIRES-13
FIPES-T3
FIRES-T3
FIRES~-T]
FIPES-T3
FIPLS-T3
FIREFS-T713
FIRES-TI
rFipFsS-713
FIFES-TY
FIPES-T3
FIRES=T Y
fIRFS-11%
FIRIS-T3
rIRES-T 3

1689
1690
1691
1692
1693
1694
1695
1696
1697
1699
1699
1700
17¢1
1702
1707
17Ca
1705
170
1707
1708
L709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721

1722
1723
1724
1725
1726
1727
1724
1725
1730
1721

1722
1733
1714
1738
1736
1737
1730
1739
1740
1741

1747
1742
1744
1745
1746
traz
174an
1749
1759

AYANNAN

(2]

annNnnnA

ANYAANAN

SUHRCLTINE MSYM (KKK ByMA,A,AD)

SUBROUTINL *MSYM% 15 AN COQUATION SOLVER
BASEC CN A MOCIFIED SYMS50L - VARIAALE DANDWIDTH wliTH ZENROS IN BRAND

CCMNCN ZCONTRCLZ ITETLE(G), TREACIA0), NIN,NOUT ,NEPUNCH, NLUMNP ,NEL 10 oK
LEL 20 yNEL 30 y NUMEL , MBAND ¢ NMAT (NFAC 1D ¢ NFRC2D ¢ NEBCID y NACMAT NBCTY F
DIMERSTON HUL), MACL), A(NP,1)

NECO=NUMNP

GO YO (10,70), KKK

R T e T i T R e PR P Y T T it i

REDUCE MATfiIXeeese A

BRRAPRBAREL R AAR IR R RL G R ID R B Gk AN SRS R Eh bk Ad pr bk kot Rk kRt

10 NEQO=NEQ-1]

40

50
€0

70

Ay

D0 606 N=1,NEQQ

¥z=MAAND

DO 2C 1 x2,MBAND

IF (A{N M) NE.C.} GO TO 30
M=M-]

MA{N) =M

1=N

DD €C L=2,M

I=1+41

CC=AIN,,LI/ZAIN,Y)

IF {CCLFQ.0.) GO TO S0
J=0

DD 40 K=L .M

J=Jel !

ALT o) =AlT yIY-CCEAIN,K)
AtNLLI=CC

CONYIRMLE

CONTINUE

GC TC 120

RN BB bR ARr AR ek A ARk kL hk S Aotk okl kR R b P kA
RUDUCE VICTORuase B AND BACKSURSTITUTE
A2 L ES ANSdA I RN AL AN RSN ARSI ES A Al AT EERERTIE ST REE )

00 9C N=1,AECC

CC=A{N)

IF {CCeEG.N.) GC TD 4O
M=MA(N)

=N

DL AC =2,V

I=1+1
AOII=F (1 )-CO¥AIN,T }
NINY2CC/ZA(N, L)
CONTY 1M UF
VINECI=PINFCIZALARD 1)
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FIRES-T3 1751 NN=NFQ

FIRES-T3 17€2 DO 110 N=l NECO

FIRES-T3I 1753 NN 2NN~}

FIFES-~-T3 1754 F=NAINN)

FIRES-T] 1755 1 =NN

FIRES~-T3 1756 DU 1CC K=24M

FIRES-T3 1757 1214}

FIRES-T3 1798 100 BINNY=RINN)-AtNN,K)Y®BLL)

FIRES-T3 1759 110 CONTINVE

FIRES-T3 I7€0 120 RETURA

FIRES-T3 1761 END

¥ IRES-T3 1762 SURRCUTINE PROUT (K 7 AT LM, T1,B,MAIN,NCUN, T1}
FINES-T3 1761 C

FIPFS~T3 1764 c

FIRCS-T3 17¢5% C SUBRELTIAE *PROUTE® PRINTS TEMFERATURE DISTRIOUT TOKS
FIRES-T3 1766 C { BOTH NUDAL AND ELEMENT )

FIRES~-T3 1767 C

FIRES-T1 1768 C

FIFFS~YT3 1769 COMMON /CONTROL/ ITITLEC(6Y s IRFAD(HO) ¢NINGNIUT yNPLACH ¢ NUMNP y NEL I3 o N
FIRCS-T3 1770 TEL2D Wy NEL3D y MNUNEL , MPANL ANAT NFRC10.NFOC2D ,NFRCID  NBCMAT (NHRC TYP
FIRPES~T3 1771 OIMENSION T(L),y ATO2Y}, YICA), ALLY, LML)
FIRCS~-T3 1772 C

FIRES-T3 1771 C

FIPFS-~-T3 1774 GO O (10,20, 30,403, K

FIRES-Y3 1779 C

FIRES~T3 1776 10 CONTINUE

FIRFS-13 1777 C

FIRES-T3 1778 C DERUGGING DUTPUT FOR TEMPERATUNES AT REGINNING CF SYSTEM CYCLE
FIRES-T3 1779 C

FIRPES~-T3 1T€0 WHITE (NCUT,140) MAIN

FIPES-T3 1781 WRITE (NOUT,230) IN,TI(N) Nx1,AUMNP}

FIRFES~-T3 (782 GETURN

FIRES-T3 17803 [«

FIRES-T3 1784 20 COUNTINUE

FIPES-T3 1785 C

FIFES-T] 1786 C OCAVUGGING DUTPUT TEMPERATURES FNE FIRE ALCs CYCLE
FIRES-T3 1787 C

FIRES-T3 t7PA WRITE {(NCLV¥,150) NCON

FIRES-T3 1789 WRITE (NOUT,230) (NJBIN) N1, AUMNP)

FIPES-T3 1790 RETURM

FIRES-T 1791 C

FIRFS~T3 1792 30 CONYINUE

FIRES-T3 17913 C

FIPES-T3 1794 C OQUTPUT DATA FOR NUMP WHEN PRDQLENM HAS NOT CONVERGED AFTER
FIPES-T3 1765 C PERNMISSTIELE NUNDEER CF (CYCLES

FIRES~T3 1796 C

FIRES-T3 1797 wWRITE (ANCUT,160)

FIPES-T3 1758 WRIYE (NCUT 170} MAIN,NCON

FIFFS=-TY 1799 wWPRTTE (NOUT,.180)

FIRL S-T3 1AOC WRETE (RQUT 2300 (INGTULIR)yN=1 4 NUMNC)

FIPES-T3 (801 WRITE (NDUT,190)

FIRCS-Y3 1102 WETTE (ANCUT 42230 (N, TVIN) NT 1, NUMNP)

FIPES-T3 1803 W TE (NCLY L 200)

FIRES-T3 1804 WIITE [INOUT, 2201 (NJINY N1 NUMAE)

FIRES-T1 1808 STOR

FIRFS-T3 1HOA C

FIRES-TY |HO7 A0 CONYIMUF
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FIRES-T] 1808 C

FIRES-T3 1809 [of OUTPLY OF PESULLTS FOR A TIME STEF
FIPES-Y3 1810 C

FIRES-T3 1811 IF {1 1.0C.1.0R.T1.ECe3) 50,60
FIRES-T3 1812 €0 CONTYINUE

FIRES-T3 1813 C

FIPES~-T3 1814 [4 OUTPLY NODAL POINYT TEMPERTURES
FIRES-T3 1415 C

FIRFS-T) (Al16 WRITE {ANCUT,210)

FIRES-TI 1917 WRITE (NCUY,220)

FIPFS-T3 1318 WRITE INCUT 2300 (A, TIN),N=1, NUMNP)
FIRESG-T3 1819 €C CONTIMUE

FIPES-T3 1820 IF (11.FC.2.0R.E1.F0.3) TC,12¢C
FINFS-T3 1821 [

FIRES~TS 1822 C OUTPUT ELEMENT TEMPERATURE S
FIRES-T3 tR23 [

FIRES-T] 1624 (o ONE~-DIMENSIONAL ELEMENTS
FIPES-T3 1825 c

FIRES-T3 1826 70 If {KRELID.EC.O0) GC YO 90
FIRES-Y3 1827 NLM=C

FIRES-T3 1828 WRIYE (NCUT,240)

FIRES-T3 1829 WRTTE (NOUY,.220)

FIRES-Y3 1830 DD BO N=1,NFL D

FIRES-T3 1821 RLM=RL N2

FIPES~-T3 1A32 LLI=LMINLM-1)

FIRES-T3 1833 LL2=LVINLN)

FIRES-T3 1A1a EO ATIN) =CoSHCTILLE)+TILL2)Y)
FIRES-T3 1835 WRITE (NOUT230) (N,ATIN}JN=l,NELID)
FIRES-T] 182¢ C

FIRES-Y3 1837 C TWO-DIMENSIONAL ELIEZMENTS
FIRES~T3 L1838 C

FIRES-T3 1819 SO IF (NFL?2D.EQ.0) GO YO t10
FIRFS~T3 (840 NUM=24NFL 1IN

FINES~T3 1AAl WRITE (NCUT,250)

FIRES-T3 1842 wRITE (NOUT,220)

FIPES-T3 18473 . DGQ 100 N=1,NEL2C

FIRES~-TJ3 1An4a KNLM=AL M+ A

FIFFS-T3 1845 LLI=UMINLM=-3)

FIRPES-T3 184 LLZ2=LMN(NLV-2)

FIRES-T3 1PA7 LLI=LMINLNM=-1)

FIPES-T3 1888 LLa=LM(NLM)

FIRFS~-T3 1849 100 ATENERNELIODY =0.250 0 TCLLLIIATILL2)4T(LL3)+T(LLAYY}
FIRFS-T3 1050 WRITE (NOUT,230) (NJAT(NENELID) 4N=1 ¢ NELDDY)
FIRES-T] IFG1 [d

FIRES~T3 1B52 [ THREF ~DIMENSTONAL FLEMENTS
FIRES-T3 {853 C

FIRFS-T3 1854 110 1F {NEL3D.EQ.0) GO D 130
FIRES-T3 1855 NL M= Z3NFL 1D +34NEL 2D

FIRFS-T13 185¢ WRITE (NCUT,260)

FIRFS-T3 1BST WP ITE ENOUTY ¢220)

FIPLS-T3 1A58 00 120 Nz, NEL D

VIRFS-T] 19€q MLMz=ALNGP

FIFES-T3 1860 LLEI=LMINLM-7)

FIRES-T3 18€]) LLPzLMINLV-0)

FIPES-T3 1862 LL3=UMINLM=-5)

FIPES-T3 1861 LLasLNM(NLM-8)

FIRFS-TD 1P6GA LLS=LNINLN=-T)

FIPFS-T3 1865 LLELNINLM=2)

FINES-TY 1866 LLT7=L M(NEM-} )

FIRFS~T3 A¢T LLRsLMINLN)

FIPES-T3 1868 NL=NARELINeREL 20

FIPFS-TD 1NES 100 ATIAII =0, 125 (P LLE DD o T QL) 4V LU 30T QLAY T ELL U ET QLU EdeT L 2T (0
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FIRES-T3
FIRES-T3
FIRES~T3
FIRES-T3
FIRES~T3
FIPES-T3
FIPES-T3
FIRES-T3
FIRES-T3
FIFES-T73
FIRES-TO
FIRES-~-T3
FIRES-T2
FINES~T3
FIRES-T3
FIRES-T3
FINES-T]
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-TD
FIRES-T]
FIRES-T3
FIRES-T3
FIRES~-TA
FIRES~Y3
FIRES-~-T3
FIRES~-T3

FIRES-T3
FIRES-T3
FIRES-T3
FIRES~T3
FIRES-T3
FIRES-TQ
FIRES-T3
FIRES-T3
FIRES-T3
FIRES~-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIPES-T3
FIRES~TX
FIRES-T3
FIPES-T3
FIRES~T3
FIRFS-T3
FIRES-T3
FIRES~T3
FIPFES-T3
FIRES-T3
FIPES-TI
FIRES-T2
FIPES-T3
TEIRES-T3
FINES-T3
FIFES~T]

1870
1871
1872
1a73
1874
1875
1876
1877
1878
1879
1880
1861

1862
1883
1ana
1885
1886
1887
1888
1889
1890
1891

1a92
1891
1894
1895
1896
1897

1898
1899
1900
1901

1902
1903
1904

1905
1906
19¢7
1908
1909
1910
1911

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921

1922
1923
1924
1925
1926

annannAnn~AntN

laXaal

ADAN

L9y
N2aNEL1D4NEL 2D
WRITE (NOUT,230) (N, ATINAN2),N=21 ,NEL3D?

‘130 RETURK

140 FUORMAY (/,4,62H MODAL PCINY TEMPERATURES AT BEGINNING 0IF SYSTEM CYC
ILE NUMEBER,16/) .

150 FORMAT (7,40 MODAL POINT TEMPECRATURE FUR B.C. CYCLE,IS/)

160 FORMATY (//,20M PROGRAM TERMIAATED .,/ 59H CCONVERGENCE MNOT CHYAINEC
t IN RFCUIRED NUMBER OF [TERAYINNS)

170 FORMAT (/4354 SYSTEM CYCLE ,15,16H AND B.C, CYCLE ,15)

160 FORMAY (//,33H SYSTEM NODAL POINT TEMPERATURES)

IS0 FORVAT (//,53H NODAL POINT TEMPERATURES AY HEGINNING OF B.C. CYCL

1E)

200 FORMAT (//,47H NODAL POINT TEMPERATURES AT END OF H.Ce CYCLE)

210 FORMAT (//54H ~e~em=- mwme=- NOOAL POINY TEMPERATURES ~——r-mremeeme——
1-7)

220 FORNAT (/1X4011%H ~ TEMFP. )

230 FORMAT (A(I6,F9,2))

230 FORMAY (//457TH ~emrememcaea ~= TEMPERATUHE OF 1-D FLENEATS <ccocw--
=== /)

20 FORMATY (//¢S5TH m=w=== cow—mw—ee TENFERATURE CF 2-D ELENMEMYTS ——cocee-
Jomm—— /)

2€0 FORMATY (//457H ——~==—~ w=mm=w- TENFEARATURE CF 3-C ELEMENTS —=ce-w--o
1= /%
END

SUBRCUTEINE PUOUT (T 1,12, T4AT XY eZyTINE JIFL,IP2,LN,JP)

SUBRCUT INE *PUOUTH PUNCHES THE TEMPERATURFE DISTRISUYIONS THAY
RESULY FROM THE ANALYSIS DUNE IN THE PROGRAM,

J0 ~ IDENTIFIER YO BE USED IN LAST 8 CCLUNMAS

IP1 - CCUNTER FOR NUDAL OATA CARDS PUNCHFUL

IP2 ~ COUNTER FOFR ELENENT DATA CAKDS PUNCKED

COMMCN /CONTROLY ITITLECE) yIRFADIB0) yNIN,AOUT yAPUNCH ) RUFNFyRELE Gy N
LEL2D s REL3IDy NUMEL y MEAND « NMAT ¢ NFHC 1D, NI BC 20, NFIC 30 ,NBCMAT ,NAC TYP
DIMENSTION T{1) e AT(1), XU1) )y Y1), 2(1), LML)

INTEGER ELEM

NP=NFLACH

IT (12.£0.1 40Re12.E043) 10,100
PUNCHING NUODAL DAYTA

10 WRIYE (NOUY,240)
ADNE=z8HNOOE
IF (JF.FC.aH ¥} GO 10 20
FNCONF [4,250,NONF)Y JP

20 CUNTINUE
IF C1P1.NELO) 6O TO 60O

KCDAL COCRDINATES PUNMIHEDR THE FIRST TIMFE TIMPERATUKE DATA (S
FEQUFSTED
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FIRFS5~13
FIRES-T3
FINFS-T3
FIRES-T2
FIRFS=T3
FIPES-TY
FIRPES-T3
FIRES-T3
FIRES-T]Y
riREs-v3
FIFES-T3
FINES-T]
FIPES-T3
FIPES—TX
FIFES-T]
FIRES-TY
FIRES-13
FIPES~T3
FIRES~-TY
FIRES-T3
FIRFS-T13
FIRES-T]
FIRES~T3
FIPLS5-T1
FIRCS-T]
FIRES-T3
FINES-T3
FIRES~T3
FIRES-T13
FIRFS-T3
FIPES-13
FIRES~T3
FIRES-T3
FIRES-T3
FIRES~T]
FIRFR-T3
FIRES-T2
FIRES-T]
FIRLS5-T1
FINES-T3
FINNS~13
FIRES~T2
FINES=-T3
FIPFS-T2
FIFES-T3
PIPFS-T3
FIPLS-F3
FINES-T3
FIPES~-T13
FIRFS5-T)
FIrUsS-T13
FARL G-T 7
FIPF5=T1
riFrs—vy
FIPTS-13
FIPFS-T)
CIPES-T1
FITES-T)
TITES-TY
FIFS-TY
[ R O]
(IR T T8 |

1927
t52n
1929
1930
1931
1932
1913
1934
19238
193¢
1927
1938
1939
1940
1941t
1942
1943
1944
1545
1746
t9a7
16an
1949
1950
1951
1962
1952
1954
1959
1986
1957
16&P
1959
1960
1961
1962
15€1
1964
1965
1966
1967
166R
1969
1970
19714
1072
1773
1974
1975
1976
1u77
1are
1Q79
1980
font
1an»
197
1MRa
1505
1ars
1auny
1nER

la s al

NN

an

jc

40

50

60

1C

EN

$0

1C0

it

130

IFI=IPl¢

WHITE (NP,260) ITITLE JNODE,IP}

1IF1=21F1 %)

WRITE (NP ,270) NODE,IP1

1PI=1F141

WRITC (N€,280) NOODE,IP1

Ni1=]

A2 =81 42 -
IPi=1P 141

Ir {AUMKNP-NP) 50,40,80

WRITE (NF290) {1 X0, VII) 420V )yI=NI,N2),NCDE, IP1

IF (RZLEQWNUMNDP ) G TO 60

Nl =hpP et

GU 10 20

NP2 = KUMNR

KN=NUNKAF+ | ~-Nt

M=T72-N#$22

ERCCDE (30,300,L) N,M

WRITE (NPLY (XTI ¥(T) o ZU1) =Nl N2) (NCCE, 11

PUNCHI NG NODAL FCEINT TEMPERATURES

IFL=18+1

WIITE (NPL,I10) TIMI JNUMNP ,NCDE L TFIL
NI=1

A2=N14+ 6

1PI=IP I+ .

IF (RUNMNP~-N2) 90,80,R0

WRITE (NP ,320) (1,T01) 12N1,h2),0COE,TFI
IF IN2.FQ.NUMNPY GID TQ 100

Nl =N2¢

GU TCO 70

N2=NUMANP

N=NLMLP1-N1

M=T72-N*10

ENCCDE {30,330,L) h,¥

WRITE (NPLWL)Y (T4 T(1),1 =Ll MN2) NODE,INI
IF {124FCe20RLIP?4FO0L3) 110,220

PUNCHING ELEMENT DNATA

WP ITE [NOUT,340)

IF {IF2,MNE.0) GC 1N 130
ELEM= AHELEM

I JP . EQ,. 3K )} GO 10 120
ENCCDE (4,350 ,60LeM) JP
CONT INUE '

PUNCHING CLEMENT TENMDEOATURL S N OPDIR 1=y 2-Ds

IFP22EF24)
WRITE (NP, 260) TINME GNUMEL o ELE M, LB
F (11e00.200P. 11,6003 GO T 120

CALCULATE THE AVUPAGE FULEMENT TF MPE DATOIN-

I (NEL et Qa0 U Y0 180
ALM=(
PE1aC K=t NELID
LM=RL M2
LUy =L ML M-
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FIRES-T3 19A0 LL2=LN{NLM}

FIPES~-Y3 1990 140 ATINDI=0.5%(TILLL)+TI{LL2))

FIRES-T3 1991 150 IF (REL20.C0.0) GC YO 170

FIRES~T3 1992 NLM=24KEL 1D

FIRES~-T3 1993 00 160 N=1,NEL2D

FIRES-T3 19948 ALM=ALME A

FIRES-T3 1995 LL 1=LM{NLM-3)

FIPES-T3 199¢ LL2 =L VINLN-2])

FIRES-T3 1997 LLI=LM(NLM- 1)

FIPES~TI 1G98 LLA=LMIALM)

FIRES-T3 1965 TEO ATINENELID) 20,255 {TCLLY ST OLL2D4TLLL3)I+T(LLA))
FIRES-YS 2000 170 1F (NELI3C.ED.OY GO Y0 190

FIRES-T12 2001 NLNI2HPNELLD4ASNEL2OD

FIFES~TI 2002 DO 1BC N=) NELID

FIRES-T3 20001 MLVaALMeB

FIRES-T3 2004 LLI=LNINLV-7)

FIRES-T3 2005 LL2=LM{NLM-B)

FIRES~TY 2006 LLI=LPINLM-5)

FIRES-T3 2007 LLAILM(MLM-A)

FIRES-T3 2003 LLS=LM M V-3)

FIRFS~T3 2009 LLE=LF(NLM-2)

FIRES~-T3 2010 LL7=LM{NLM-1)

FIRES-T3 2011 LLA=LMINLM)

FIRES-T3 Zo12 N1 =NsNEL 1D#NEL 20

FIRES-T3 20121 180 ATINEY=ol128%tT (LI )4TILL2)4TILLI)4TILLA) ¢ TCLLS) ¢ TILLEI+TLLLT)+T(LL
FIRES-TI Z014a 18))

FIRES-T3 2015 c

FIRES-T3 2016 150 CONTINUE

FIRES-TX 2017 Nzt

FIRES-T3 2019 200 N2=N1+6

FIRES-T2 2019 1P2=2IP2¢ 1

FIRES~Y3 2020 I {NUMFL-N?) 22Co210,21¢C

FIPES-TY 2021 210 WRITE (NPy320) (I,ATC(1),L=N1 N2} ,ELEM,IP?

FIRES~T3 2022 IF {N2,EQ.NUMEL) GC TO 230

FIRES-T3 2023 N1=N241

FIRES-T3 2024 GO TC 290

FIRES~T3 2025 2Z0 NZ=NUMEL

FIRES-T3 2026 NzNUNEL #1 ~N1

FIRES-T3 2027 M=72-N*10

FIRES~-T3 2028 ENCORE (30,3301 ) NoM

FIRECS~TY 2029 WRITE (KPSLY (T4ATOI) o 1=NE VN2 ), ELEM, IP2

FIRFS~T3 20710 220 CONYTINUE

FIRES-T3 2031 C

FIRES-T) 2022 RE TULRN

FIRES~-T3 2013 c

FIRE3-T3 Z02a C

FIRES~-TY 2035 240 FORMAY {//,37H o+ o o « PUNCHING NODAL DATA o o o o)
FINES~TY 2036 250 FORKMAY (11N, AD)

FIRES-TY 2037 2EC FOMMAT (TA10,A2,A4,14)

FIRFS-T3 2038 PT0 FORMAT (52K NDNAL POINT TEMPERATURES FOR STLLCT TIME TNTLHVALS 2N
FIRES-TA 2036 1X,A4,14}

FIRES-T3 2040 280 FURMAT {40H NODAL PUINT CONRCINATES = NUNPED XY, 2 432X A0, 14)
FIRES-T3 2041 290 FNRNVAT (3(16,3F6.31,6X,A4,14)

FIRFS-TX 2042 200 FORMAY CIHE 11 oL 1HOT4,3F603) 4412 4RHUX A4 LA ))
FIRES-T3 2043 310 FORMAT (4aik  —=--NODAL POINT TEMPCHATURES AT TIME 3 o P.8,90 - (b
FIRFS~-T3 2346a 1y0H NODFS 412X 4A8,T4)

FINES-T3 20473 A 2EO FURMATY [ 7{1A.Fh.1)32XeA%,14)

FIRLS-T12 2040 330 FERMAT CLHE 114 10HETA, F i)y s I2,PHX, A0, 14) )

FIPES-T Y 2047 A0 FORMAY {(//7439H o « o o PURNCHING LLEMENT DATA o o 4 o)
STIPFS-T3 204N 250 FARMAT { 1HF ,A2) ’

FIRES-TI PCAn JEC FUNNMAT (37218 =~ =bLENERNT TEMBERRATURES AT D071 = o 7.3, 34 = 1%, H
Fires-ra 2nsn VELUMENTS g 12x,A4,14)
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FIRES-T3

FIRES-T2
FIRES-T3
FIRES-T3
FIPES-T3
FIPES-T3
FIRES-T]
FIRCS-T3
FIRES-T3
FIPES-T3
FINES-T3
FIPES~-T2
FIRES-T3
FIRES-T]3
FIRES-T]
FINES-T3
FIRES-11
FIRFES-T3
FIRES-T]
FIRES-T]
FIPCS-TA
FIRELS5~T3
FIRES-T]
FIPFS~T]
FINES-T3
FIRES~-T3
FIRECS~T3
FIRES-T]
FIPES-T]
FIPES-T]
FIRES-T3
FIRES~-T]
FIRES~T3
FIRES-T3
FIRES~T)
FIRES-T]
FIPES-T13
FIREs5-1T3
FIRCS-T3
FIRCS-T3
FIRCS-T3
FIRFS-T3
FIRFG-T]
FIRPF5~T3
FIRES-TA
FINES-T3
ripeEs-13
FIRES-~T3
FIPFS=-T3
FIRES~-TT
FIPEG-TX
FINrs-13
rIRFS-73
rIRES~-T3
IR S-12
FIRES -T2
FIMFS-T)

205t

Z0€2
2053
20%4a
20&5
2056
2087
2058
2¢99
20€0
2061

Z0€2
2063
2064
2069
2066
20€7
2068
2069
2070
2071

2072
2073
2074
2078
2076
2077
2078
2079
2000
20801

20R2
20R2
#0484

2085
20806
208er
2088
2089
2090
20091

2092
20913
2094
20488
2094
r097
“0%H
2079
Z1C0
2101

2102
21021
2104
f10%
2106
2007

aNaNsNaNaNalal

[aNala]

ann

el

END

SURRCLTINE FIRENMAT (MAT ,FXYS,NSTCRE)D

SUBFCLYINE *FTIREMAY* [NPUTS THE VARIABLFS RPEQUIRED IN Thr
ASSESSMENT OF THE HEFAT FLOW ASSOCIATED WITH HOTH LINEAR AND
KNOM-LINCAK FIRE FCUNDARY CCNLCITICNS

COMMCR /CONTROLYZ ITITLE(GE) y TREADIBO I ¢ NIN,NOUT , NPUNCHe NUMND (NEL 1D,yN
TEL 20, NEL 3D NUMEL s MAAND ¢« NMAT (NFBC 1D ( NFBC 20D JAFUCID ,NECVMAT (NECTYF
DIVMERSION MATH1), FXYS(1)

OUTFUY PAGE HEADING

WRITE (NOUT,.A0)
WRITE {NCUY ,50)
WRITE (NULT,60) TTLITLE

IF (NACTYP.EQ.10HLINEAR €C ) ¢O YO 20
NCA-LINEAR FIRE BCUNDARY CONCITICN

wWRITE (NOUT,70)

WRITE (NCUT,50)

WRITE (NOUT,B0)

READ (MIN,9D} SB,TSHIFY
WRITE (NOUTY,100) SA,TSHIFT
WRITE (NOUT,110)

FxXYs{1)=50
FXYS{2)=TSHIFT
NSTORE 21

INPUT DIFFERENYT MATFRTIAL FPROFERTIES FDR FIRE HC

DC 10 Y=t ,NDCMAT

MATCIY =NSTORE

READ (NIN,G0) A,P,V,AR,EF,CS
WRITE (NCUT120) LA PV, ARLEF,ES
FXYSINSTORE }=A
FXYSIMNSTORE 4L ) =P
FXYSONSTQRE42) =V

FXVYSINGSTORE ¢3)=AR
FXYS{NSTCRE ¢4) =EF
FXYSINSTORE45) =+ S
NSTCRE=NSTURL 46

CONTINLE

RETURN

CONTY TNUF
CIHFAR ¢ IR0 DOULNDARY CORDIYICH
wETTE (ACUT 1 70)

WEETE (NOUY ., %0)
WHITE INCUTY 140
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FIRCS~T2
FIRFS-T3
FIRES-T3
FIRES-T3
FIRES~-TA
FIRES-T3
FIRES~T)
FINES-T3
FIPES~-T]
FIPES-T3
FIRES-T2
FINES~T3
FIPES-T3
FIRES-13
FIRES-T3
FIRES-T3
FIRES~T3
FIRES-T3
FIRES-T3
FIRES-Y
FIRES-T3
FIRES-T3
FIRES-13
FIRES-T3
FIFES-T3
FIRES-T2
FIFES-T3
FIRES~-T3
FIRES~T3J
FIRES-T3
FIRES=-T2
FIRES-T)
FIRES-T]
FIRES~T2
FIRES~-T3
FIRES~T3
FIRES-T]
FIRES-T3
FIRF5-T3
FIFES-T3
FIRES-T3
FIRCS-T3
FIFES~-T2

FIRES~T2
FIRES~-T3
FIRFS~Y3
FIPES~T3
FINEs-13
FINCS-Y3
FIRFS~T3
FIRES~T13
CIRES-T3
FIFPES~T)
Fler §-12
CFIES~T3
FIRE 6~ T2
VINEG-T3

zZtoa
2109
2110
2111
2112
112
2114
2115
2116
2117
FRE
2119
2120
2121
2122
2123
2124
2125
212¢
2var
2128
2129
2130
2131
2132
2123
2134
2135
z1126
2137
2128
2179
2140
zZ1a1
2142
2143
2144
2145
z14€
2147
214n
21489
2150

2158
2152
2153
215
2155
2156
2157
2158
2159
2160
21
2162
2161
glca

ANANAON

NSTORE=1

DC 30 1= 14NPCMAT !
WRITE INDUT,150) I

READ (NIN,160) K

MS2([~1)%2

MAT{MS+1})=NSTORC

MAT (¥S+2) 2K

CALL MATIN (K FXYSINSTORE ) FXYSIASTORE#K) FXYSI{NSTORE+K K })

NSYORE =NSTORE+ 3% K
IF (K+FQ.0) NSTORE=NSTORES]
20 CONTINLE

RETURN

40 FORMAT (1HE6,51/))

€0 FORMAYT (GIH * bk Rkt ¢k bbb Rt h b kvl kUG R E xRNSR DA R e bk A b AR A
IELELE RN

€0 FORMAT [/5XS50HFIRFS~T3 - FIRE FESPCASE CF STRUCTUKES - THERMAL ./
1/71X46A10)

70 FORMAT (/75X ,AAHMCA-LINEAR FIRE RCUNCARY CCNOITIGN,/)

80 FORMAY (//71X,60HO=AVL TF-TS)SANASHRVRIARXEFR(TF 4 TISHIFT ) # 44 -ESx{TS4T
LSHIFTY*ka ))

S0 FORMAT (PEL10.0)

100 FORMAT (/71X ,SHWHERE/BX, 2BHTF - PSUEDO FIRE TEMPERATURE 4 /bX,24HTS
I~ SURFACE TEMPEFATURE y/6X,33HSN ~ STLCFAN POLZYTMANN CONSTANY = LE12
2.8/76X ATHTSHIFT - SHIFT YO AQSOLLTE TEWMPERATURE SCALE = (FA.1/1X,3

IHANGY
110 FOPMAT (/7581 MAT  CONVECY CONVECY VIEw AESCRPY FIrRe SU
I RFACE /584 NUM FACTOR POWER FACTOR EMISSIV EMISS

2IV,IIOK.3H(A'.GK.ZHIND.bXQJHlV!.SX'QH(AH|.5K,QN(EFi.SX.QH(ﬁS)I

120 FORMAT 1/14,6F9.3)

130 FORMAT (/5X,30MKL INEAK FIKE ECUNDARY CONDITION,/)

14C FORMAT {//9X,16HO = HITIAITF-TS)I//710X SHRHERE /159X ,31FF(T) - HF AT
ITRANSFER COEFFICENT, /15X, 28HTF - PSUEDO FIRE TENMPERATURE /15X ,24HT
28 ~ SURFACE TENMFCRATURE o Z71SXy33HY ~ AVEFAGE TEMPERATUTE (TFeTS5)72,
3770

150 FORMAT (//,25¥ e = o MATERTAL NUMBER 2T4,€6H » o o

160 FORMAT (15)
END

SURRCLUTINE FIREPC (X3 Y3 2o KOCOE ¢NAREATHICK LT LIy KLU LMAT, LFIREA
1TJKL yLELEM)

SUCROUT INF *FIRFAC* INPUTS THE GEDMLTRIC OF SLRIPTYION OF  THE
SURFACE (F THD SYSTEM THAY WILL &£F DIRFCOTLY EXPOSED TD THE
FIRE ENVIRONMEINT

COMMEN ZCONTROLZ ITITILEEEY L INEADLS0) o NIMGMOLT oNPUNCH ¢ ARUNMKNE s RELID BN
TELPN GNEL30D  NUNEL y MPARNE G NMAT o NEIHCIDy NEACP Ly MF o C S0 ) NHOMAT (NHC T YD
COMMON /SURFACE/ N&E,,NSZyNST

DINMENSTION XU1)y YIVY, ROLCC1D, L IELD), LOURY, LMAYLRD, LY IKILRD, 71
PLI, KO e LLEIY W ATOKLCT) o ©AREALLD,, THICKOI )y LLLIN(L)
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FIRES-T3
FIPES-Y3
FIRES-T3
FIRES-T3
FIRES-T]
FIFES-T23
FIRES-T]
FIRES-13
FIRES-T2
FIRES~-Y3
FIRES~-T3J
FIRES-~T]
FIRES~-T3
FIRES-T]
FIRES~T3
FIRE 5-13
FIRES-T3
FIRES~T3
FIRES~-T3
FIRES-T3
FIRES~-T3
FIRES~-T
FIRECS-TR
FIRES-T3
FIRES-T3
FIRES-TA3
FIRES~-T3
FINRES-T3
FIRES-T3
FIRES-TJ3
FIRES-T3
FIRES-T]I
FIPES-TJ
FIRES-T3
FIRE5~T3
FIRES~T2
FIRPES-T]
FIRFS5~T13
FIRFS~-T2
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-T]
FIRES-Y3
FIRPES~TJ)
FIRES~TY
FlRES-T]
FIRES-T3
FIRCS~T3
FIFES-T 2
FIRFS-T3
FIRCS~-T3
FIRFES-T3
FIRES~T13
FIRES~T]
FIrFES-12
FINES-T3
FINES~T]
FIRE S-T2
FIREs-v1
rIRcs-v1
PIPEG-T 3

2227
2224
2229
2230
22
2232
2213
2234
223
2236
2237
2238
2239
2240
2241
2242
2242
2744
2245
2246
2247
2248
2249
2280
228

2252
22513
2254
22¢k5
2256
2257
22¢€R
22%9
22€Q
2261

2262
2263
2264
226
2266
2267
22€8
2269
227¢
22?1

2212
2272
2274
227s
2276
2277
2278
22rT9
22F0
2201

22&2
22P
2284
cren
2216
PAATY
28R

ADA

ANN

[al

laNaRaNaNal

10

ao

G0

100

120

DO 7C I=11.12

IF (LNMAT (1) .GT ,ARBCHMAT)Y GO TN €0

tr=Lren)

JI=LIJUI-NFHC1D)

IF (KCOE{IIY.EQedFPTEMF.ORSKODE{IJ} EQ.AKTEMP) GO TO B8O
CONTINUE

GC YL Q0

10=1-NFAC1ID
WRITE (NDUT42B0) TOLICE) L JUIO) LMATCTI),LFIPELT),LELEMCT])
sYop

CALCLLATF AFEA OF FIRE R.C. SURFACE ELEMENY

CONTINUE

DO 1CC [=11,12

1i=L1t1}

JI=LII-NFBCID)
DX=XC(IT1)~Xx(JJ)

oY=y (It)-¥v{34)
0Z=2{11)V-2004)
D=DX*0X +DY *0Y +NZ2*D 2
TXK=2LELEMIT)

ATUKL (T ) =SORY(DI2THICK( IK)

OUTPLY SURFACE ELEMENT DATA

WAL TE (NCUTY,300)

WRITE (NQUT,330) (1,LICIeNFRCID) LJITED) WLMATLI4NFHCID) JLFIPF{T4NFFC
TIDY L ATIKLLLONFRCID), 1=1,NS2)

RFDUCE AREA TO 1/2 TDR FUTURE CALCULATIONS

DO 1tC T=11,12

110 ATJKL(TID)=ATIUKLLT}/ 2.

THRECL-DIMFENSTIEIDODNAL ELEMENTS

IF (NS2.EQ0.,0} GD TO §9C
WRITE (NOUT,220) N53

INFUT FIPE BaCae DATA -~ TWO CLFMENTS PER CARD

TISNEACIDHNERC 2D 41

T22NFECINeNTBCPL 4NS T

NI=NFECLONFHC2D

READ (NINy230) (LTLED L JOT-NIBOPO) GLKOT-NTY o LLET=NE) LAY (T Y JLF IR
100}, 0=11,12)

CHECK VAL IDITY CF MATERIAL REQUIKCMOINTS ARND PREVIOLSLY DLCEARFD
BOUNCARY CONDTTIONS. FOR A SURFACE TO NE CONSTLFRED A #IRE 1.C.
17T MUST OF POUNCED NY NODES THAT HAVEE A DECLARED FLOGW BeC e

DO 130 T=x1,N53

IF (UMAT L E4NT ) LCY JNPCMAT ) G YO 140
TE=L 1 iyenty

JIMSUTENFRC20)

KR =t e (1)
tee=tetny
1 (KCEE(II) e UQ AFTIMP oI JKODF LRI EQ e aHTL MO) G TC 140

T ARKCDT (KK) ot DeHTEMF DI FODL (1L P, CoaHTEMP) GU TO 140
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FINES-T3
FIPES-T3
FIPES-T]
FIRFS~-T3
FIRFS~T3
FIFES-T3
FIKFS~T3
FIRES-T3
FIRES-T)
FIRES-TX
FIRES~-T3
FIPES-T3
FIRFS-T3
FIRES-T3
FIRE§-T2
rIRES~-T2
FINRCS~T13
FINES-T3
FIRES-T3
FIRES-T12
riRes-13
FIRFS-T13
FIRES-T3
FIRES-T]
TIRES-V)
FIPES-T3]
FIRES-T3
FIRFS-T3
FIPES-T3
FIRE5-T2
FIRE5-T3
FIrEsS-13
FIRES-T2
FIRES-T3
FIRES-T3
FIRES-T3
FIRFS~-T3
FIRCS-T3
FIRES-TH
FIRES~T]
FIRES-T3
FIRCS~T3
FIRCS-T3
FIRFS-T2)
FIRES~T]
FIRES-T2
FIRES-T2
FIPES-T]
FIRES-T3
FIRES§~T121
FIRES-T]
FIPFS-T3
FIRES-T32
FIPES-T]
FIRF§-T
FIPES~-T2
FIPTS~T)
EINE . -T3
FIPFS-T3
SFINES~ T
FARES-Y
FIFPReT R
7

2289
2290
2291
2292
2293
2274
22685
2296
2297
2268
2299
2300
27301
2302
23¢2
230a
23¢%
23¢e
2307
230a
2309
2310
2311
2312
2312
2314
2315
2316
2317
2318
2319
2320
2321
2322
2323
2324
2325
232¢
2127
22374
2329
2310
23
2332
2331
2334
2315
232¢
23137
2338
2339
2340
2241
23a2
2341
2344
2345
234
2347
7lan
2340
PIASO

AN

[alalial aan

falal

CONT INUE
GO TC 150

CONT INUE

WRITE (NCUY,260)
TIRECLeNL)

STOF

140

CALCULATE THE

CIINT INUE

DU 170 f=1,N53
I7=L1L04NL)
JITLI(NFOCZ2D+T)
KK=LK(1)
DX=XL10-XL JI)
DASA RSN BEL NN
D7=Z(11Y-20J9)

ARFA OF THE

0=DXACH+DYEDY DT D7

XLY =SGRY (1)

DX=X({JIY- X KK)
DY=Y{JJ )=V (KK}
DFE&FAFUNEFAS 49]

DzOXIEN+EYEDY +DZ2 RDY

XL2=ECRY D)

ATIRLCT#NL ) =XL ¥ XL 2

IF ux(rd-Ledr))
1€0

170 CONTYINUE

170, 160,170
ATIKLTTANL) =0 5RAT UKL (Ten1)

OUTPLY SURFACE CLEMENT DAYA

WRITE (NUUT,310)
WRITE (NOUT,340)

IFIRECTIHNL ), AT URKLUT4NE ), I21,NSD)

FFDUCF THE SURFACF

DO 1FC I=11,12
180

190 RETUFRMN

200 FAMATY (7777164 .
1C FIRE o « o)

210 FORMAY (//7/7106H o
10 TO FIRE o o)
220 FCANAT (//7/7/16F
10 10 FIRE . o)

D230 FORWAT (1215%)

240 ECRNAT L161%)

250 ENAMAY (I515)

260 FUHNAY (51/71,%4t
1 ~ = 1X,715)

PO TUAMAY t517), 54k
1 - —elX,514)

280 FOAMAT (L(/), 584
1= =alX,015%)

PAC FORMATY (/A% 4 THOY
1390 FIRFEC  NOUE

ALUKLEI )2 25%ATUKLIT)

SCHEPVTON af

c-38

AREA NY

174 10 AID

THERE AFE ,14440H 1 -0
THEKF ARL,Ta,81F 2-0

THEFE ARE, (4,4 1H J-D

- PROGRAM TFRMINATED
- PROGHRAM TERMINATED

- PECGTAN TECMENATER

AAT [ 28 L1

FIRF HC SURFACC ELEMENTS

IN FUTURE COMFUTATION

SURFACE NOCES ExPCSLE

SURE ACE ELEMENTS

Tobl T CTANTI Y dL AU T ANEBC2D LK) LLCT) LMATL I ENT ) LF

CEALTCTONLY LIUIANFRC2D) oL KET ) JLLCT) oL MATLT AN DL

\l

FXPOSE

SURF ACE ELLMENTYS £ XP0SH

SLUFACE UBIRECTLY
AR /D EE

[ L%

iVt

Lo 021

HC

e

Be

LXFOsEr to
SULEACH

INPUT EHYNR

IALY RO

INBUT FRLOR

CIRL w77

1 TYFS



FIRES-T3
FIRES-T3
FIRES-T]
FIRES-TA
FIPES-T3
FIRES~T3
FIRES-T2
FIRES-T3
FIRES-T3
FIPES-T3
FIRES~T]
FINRES~T]
FIRES-T3
FIRES-T2

FIRES-T3
FIRES~T3
FIRES~T3
FIRES-T]
FIRES-TJ
FIRES-T3
FIRES-T3
FIRES-TJ]
FIRES-T3
FINES-T3
FIRES-T3
FIRES~T3
FIRES~-T2
FIRES~-T3
FIPES-T2
FIRES~-TJ3
FIPES~-T]
FIRES-T3
FIRES~-T3
FIRES-T2
FIRES-T3
FIRES-T]
rIRES-T3
FIPES-T3
FINES~-T2
FIFES~-T1Y
FIRES-T3
FIPES-T13
FIFES-T3
FIRES-T72
FIRES-T]
FIPES~-T3
FIRES~-T]
FIPES-~-TA
FIPES~-T
FIRES-TJ3
FIPFS-TX
FIRCS5-T73
FIRES-T1
FIPE®-T1
CEIFES-T R
FINES-T13
FIRFS~-T13

2351
2352
2353
2354
235%
23t5¢
2357
2358
2359
2360
23¢€1
23€2
2362
22¢4

23165
2366
23¢7
2360
23€0
2370
2371

e2T?
2373
237Ta
2378
2376
2377
2378
2379
2380
2381
2302
2383
73FA
23885
2386
2387
2388
23¢8
2390
2391

2392
2303
2364
239%
2396
2307
2374
2369
2400
2401

2an>
2403
zana
2408
2406
2407

s Nalalal nNANOANN

[a el

[alalal

sl

3co

310

2 TYPE/)

FORMAT (7/9X,4THDESCRIPTICN OF SULRFACE DIRECTLY EXFQSED YO FIRF,//
145H FIRFEL NODE NODE MAT FIRE AREA/JISH SURF ACE 1
2 J T1YPE TYPE/)

FORMAT (/79X 4THDESCRIPTION OF SLRFACE DIRECTLY EXFOSED 10 FIRC,//
I159H FIRERC noEE NODE NOCE NODE MAT FIRE AREA/4TH
2 SUNFACE 1 J K L TYPE TYPE/ )

320 FCRMAT (417,F10.1)
320 FORMAT [517,F10.3)

340
350
2ec

20

FORMAT (717,F1C.3)

FORNAY (BORL)

FORMAY (6(/)45H ~ - ~ FROGRANM TERMINATED - [NPUT EREOR - -~ =,//7 1K
1+AOFRL)

END

SUAPOUTINE FIRE (LI LJyLK LL  LMATLLFIRE JAL UKL yMAT oFE XYS, T, TEIRE, P )

SUDROUTINE *FIREX CALCULATES THE HEAT FLOW ASSOCIATED WITit A FIRE
REPRESENTED THRCUGH TEMEERATURES TFIRE(I). THESE HEAT FLOWS
ARE DETERMINED UPON THE HASIS OF THE ASSUMED TEMFLKATURE VECTOR ¥,

COMMON /CONTROL/ ITITLE(G)yIREADLIBG) ,NIN,NOUT  NPUNCH ; KUMNE ,RELID &
TEL2D 4 AEL3D s AUNMEL « MEAND NV AT (NFRC 1D, NFRC2L (NFHC 3D, NBCMAT yNACTYP
COMMON /SURFACE/ NS1,NS2,NG3

DIMEASTON LTIUL)y LJUDY, LMATIL), LFIRCOL), ATJKL{1), MAY(L), FXVYS(
110, TO1),y YEIRE(1), TYF4(A), EC(1), LKLL)), LL 1)

IF DCURDARY CCADITION 15 NONL INFAR TAKE FIHE TEMPERATURES Tn
THEIR FOURTH POWERS

IF INUCTYP.EQ.IO0HLINEAR AC ) GO TC 20
sSB=FxXYSty)

TSHIF T=FXYS5(2)

00 10 I=1,8

TE=TFIRE(TI}+TSHIFT

TF =TF & 1F

TFA(I)=TF*TF

ONE - D! MENST ONAL ELF MENTS

IF INS1.EQ. 0 GO TG 40
D0 3C N=1,NSY

ESTARBLISH PASIC FIRE B.Ce VARTARLLS 0P THIC SURFACE FLEMEAT
N3=h

I=L L{N)}

MzLMAT(N)

LE =LY TREEN)

TF=YFIRF (LF)

T5=1(1})

FING FEAT FLOUW CUF TC FIRF N,C.,

Q=CF IRE(TE TS oL ¢ NOCT YR MaMNI  TEHEET (S0 A, MATLF XY5,A1 JKL)
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FIPES-T3
FIPES-T3
FIRES-T3
FIRES-T]3
FIRES-T]3
FIPES-T]
FIRES-T3
FIRES-T)
FIRES-T3
FIRES-T)
FIRES-T3
FIRES-T13
FIRES-T3
FIPES-T3
FIRCS-13
FIRES-T2
FIRES~T3
FIRES-12
FIRES~-T3
FIRES~T3
FIRES-TD
FIRES-T3
FIRES-Y1
FIRES-T3
FIRE S~ T3
FIRES~T2
FIPES~T3
FIRES-T3
FIRES~T3
FIRE S~ 13
FIRES~-T3
FIRES~T2
FIRES-T3
FIPES-T3
FIRES-T3
FIRES-T3
FIRES-T3
FIRES-TY
FIRES-TI
FIRES-T3
FIRES-T13
FIRES-T3
FIRES-T]
FIRES-T3
FIRES-T3
FIRES~T3
FIFES-T3
FIPC5-T1
FI1RES-T3
FIRES-Y3
FIRES-T]
FIPES-T3
FIRE S-T3
FIRPES-TY
FIRES~-T3
FIRES-T3
FIRFS~T3
FIKES=-T2
FIFES-T
FIRFS-T43
+IREG-T2

26408
2409
2410
2411
2412
2411
2414
2415
24116
2617
2418
2419
2420
2421
2422
2422
2424
2428
2426
2427
2428
2429
2430
24211
24132
2433
247134
2435
2436
24137
243R
2439
2440
2441
2442
2443
2444
2445
2446
2447
2448
2449
24%C
2451
2452
2483
2454
2485
2456
2457
24%8
2459
2A€C
2a61
2467
2462
2464
24¢€5
2860
2467
P L

[a g lal

[aRa N2l

[aNs] [a Mol nNON

(e NaNal

AN

AAn

a0

€0

70

Ho

ADD HEAT FLO® TO NCDES BOUNOING SURFACE ELFWENY

aitY=€{1)+0
CONT INUFE

TWUO0-DIMENSTONAL ELEFMENTS

IF (hS2.EC.0) GO YO 60
00 L0 N=L,NS2

ESTABLISH BASIC FIRE B.Ce VARIAPLES FOR THIS SURFACE ELEMEAT

N32heNFRACID
I=L1INT )

Sz 3N )

M=LMAT{NDI)
LF=LFIREINT)
TF=TFIRELLF)
TS=0.853(T(1)eT(J))

FIND HEAT FLOW DUE YO FIRE 8.C.
Q=zQF TRE(TF , TS LF NBCTYP ;M NI, TSHIFT ,SB,TFA VAT FXYS ALJKL )
ACD HEAT FLOW TC MNOCES HOUNDING SURFACE ELFMENT

8¢l1=€e(1)¢Q
BlLJ)zE(JI+C
CONT INUF

THREE-DI MENSIONAL CLENVMENTS

1IF (ARS3LEC.Q) GC VG 80
DN 70 N=1,N53

ESTABLISH BASIC FIRE B,C. VARTARLES FOR TvIS sUFFACE ELENENTY

K2=h¢MFBCLID+AFBC20
T=L1(N2)

J=UL JINSNFBC2D}
NK=zL K{N)

NL=LL(NY
FM=LMATIND)

LF=LF IPE{NDI)}
TFeTFLRELILFY

TSz ZERCTOI N4V II4TINK)OTINL))

FIND FEAT FLC® CUE YO ¢1FRE €.C.

O=CFIRE(TF , TSeLFE NOCTYP M N3, TSHIFT , SR, TFAMAT , FXYS,ATUKL}
ACO +EAT FLOW TO NODES ADUNNING SURFACE FLFMENT
Blry=ALLIeQ

E(II=ELI)+C

RAUNK) 2R{NKY 4N

PINL J=R{NL ) 4O

CONTIMNLF

Rt TUFR K
END
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FIRES-T4 2469 FUNCTION GFINE (TE 3 TS 4L F JNHCTYD g N NIy TENTFY 450, TF 4 VAT ok XY S5, ATOKL )
FIRFS~-T3 2470
FIRCS-T3 2471
FIFFS~-T3 2472
FIRES-T3 2473
FIRFS-T3 2474
FIRCS-T3 2475 CIMEASTION YFAa(1), MAT(1), FXYS(1), ATIKLID)

FUNCT IDN *QFIRF* FINDS HEAT FLNW DUE TO FINRF UN SLRFACLE ELENMENTY

ANANA

FIFPES-T3 2476 [ <

FIPES~-T3 2477 c

FIRES-T3 247FR OV2TF-~-YS

FIFFS-T3 2479 IF (NACTYPLEQ. ICHNON-LIN BC) GO 10 10
FIPES-T3 2480 C

FIRFS-T3 2401 C LINFAR FIRE PAOUNDARY CONDITICN
FIPES-TI 24R2 C

FIRCS-T3 Z4R1 M={V-1)42

FIRCS~T3 2a8a JI=MAT(M+ L)

FIRES-T3 2485 K=NAT (Me2)

FIRFS-T3 24A6 TA=0. S+ TF+ 1S)

FIPFS-T3 24R7 HaVMATIK ¢ FXYST IV, FXYSTIIHK ) oF XYSLIJIEKEK) 4y TAL,1O0H  HITY) }
FIREFS-T2 2489 QAT JKLEANI AHEDT

FIRFS-T3 2489 GO 70 =0

FIRES-T3 2490 C

FIRFS~-T31 2491 10 CONTINLE

FIPES~-T3 2492 C

FIFES-T3 2462 C NCA-LINEAR FIRE PCUNDARY CCNDITICN
FIRES-T3 2494 C

TIRES-T3 2495 K=NAT (V)

FIPES-Y3 2496 A=F XYS{K)

FIRFS-T3 2497 aCz0.0

FIPES-TJ 2498 IF (A.EG.0) GC TC 30
FIRES-T3 2479 C

FIRFS~T3 2500 C CALCULATE CONVECTION TERM - QC
FIRES-T3 2501 C

FIPES-T3 2302 P=FXYS(K+1)

FIRES-T3 2503 IF (F.§0.1.0) GU TC 20
FINRES-T3 2504 SIGN=1.0

FIPES~-T3 250% IF (CT.LT40) SIGN=~-1,0
FIRES-T] 2406 DY+SIGA DY

FIPES~-T3 2507 OC=SICNRARD TR &P

FIRFS-F3 25014 6C TC 30

FIRES-T3 2509 20 QC=A%DY

FIPFS-T3 2510 30 V=FEXYSIK42)

FIRES-T3 2511 GR=C. C

FIPES-T3 2812 IT (V.ENn.C) GO 1N AQ
FIPES~-T3 2513 C

FIRFS-T3 2514 C CALCLLATE PADIATYION TERV - QF
FIRES-TY 2514 <

FINES-TI 2816 TS=TS+YSHIFT

FIRES-T3 2617 TS=1St1sS

FIPES-T1 2814 TS=T1S%7S

FIRES~-Y2 2519 AOD=FrYSCKs)

FIOESG-T3 2520 EV=FXYS{K+4)

FMIRFS-T3 521 ES=FXYS(K+5)

FIHES=-T3 2522 ON=SEAVE(AREEFYTF 4L0LF )-F S*TC)
FIRE S-T.3 2523 40 OQ=ALIKLINIIH{CCHONI)

FIRES-T1 2524 €C N IRf-=n

FIRIS=-T 3 24L2% RFTUREN

FIRES-T13 z82¢€ C

FIRFS=-TY 2527 I NDY
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FIRES-T3
FIRCS-Y3
FIPES5-T3
FIRES-T3
FIRES-TY
FIFFS~T13
FIRES~T3
FIRFS~-TO
FIRES~-T]
FIRES-Y3
FIRES-TI
FIRES~-T]
FIRFS-T3
FIRES-T3
FIPES-T3
FIRES-T]
FIPES-T]
FIRES~Y]
FIRES-T2
FIRPFS~-T2
FIPES-T3
FIPES~T3
FIPES-T3
FIRES~T]
FIRES-T3
FIRES-T]3
FIRES-T3
FIRES~-T3
FIRES-T3
FIRES~T3
FIPES-T3
FIRES~T3
FIFES5-T3
rIRES-T3
F1RES-T 2]
FIRES-T3
FIFES-T23
FIFES-T3
FIRES~-T)I
FIRES-T3
EIPF5-13
FIFES-T2
FIRES~-T3
FIPLS-T3
FIRES-T3
FIRFES-T23
FIRES-TD
FIRES~-T3
r{vcs~73
FIRES-T3
FIPFS-T3
FIRES-T2
FIFPC5-73
FIRFS~-T)
FIRES-T3
FIPCS5-Y3
FIRES-T]
FIPES-T3
FIRE S-T171
LFIRES-T]
FIRES-T]
FIRES~T3

2628
2526
2530
2531
2532
2533
2534
2535
25136
2537
25 3R
2539
2540
2841
2542
2543
2544
2545
2546
2547
2548
2549
2850
2TEL
Zes52
2553
2654
2555
2586
25857
2658
288¢
2560
2561
2862
2563
2E€4
2565
25€6
2567
2568
ZEE€S
2570
2571
2572
2572
2%74a
2375
2576
517
2374
- A
2500
2581
25R2
2583
2era
2585
2586
e5P7
2584
ZEES

Anannn

(s NalKal nn

AMA

AN

NAan

10

SURRCUT INE EXNELS (Xy Ve Z LM HARFAZTHICK ,VOLUME ¢ IEL y IMAY ,VEL }

SUBRCUTINE *EXCELS* INPUTS CATA LCESCRIHING ALL ELEMENTS WHICH HAVF
INTERNAL HEAT GENERATION

COMMCON /CONTROLYZ ITITLFIA),IREADIBO) JNINGNIUT yRPUNCH ¢ NUMNE Z NRLIO N
LEL204MELI0, NUNEL s MBARND s NMAT ¢ NEOCID, NFBC2C NFHC 3Dy NRCMAT JNHC TYP
COMMON ZEXOTHZ NINTID ¢JNINV20,NINTID NINTHNGINT

OIMENSTON Xx(1)y Y1), 201y LML), HARFALL), THICK(1), VOLLMEL(1),
1TELLL),y TMATIR), VEL(1)

CNE-DIMENSICNAL ELEMENTS

1IF (MNINTIC.EQ.G) GO TO 20

INPUT 1-D ELEMENTS W1TH INTERRAL MEAT GERNERATICN - 8 ELEMENTS/CARD
READ ININ,70) (IELCR) JINAT(1) ,121,NINTLID)

FIND VCLUME OF ELEMENTS AND CUTOUT DATA

DO 10 KM=l NINTID -
IE=JELIN)

I1=LM{2%1E~1)

JI=LN(2¥IE)

ONexX{IT)=-X{JJ)}

oY=y (11}-Y(4J?
DZ=2011)=-20 40
DL=SCRTILRADX ¢DYBOY +DZ%D2)Y
VELI(N) =DLEBAREALTED

WRITE (NOUT,B0) NINTID
WRITE (NOUT Q0) (T,TeLU1)e EMATCT ) VELI(L),I=1,NINTID)

T WwWC-C1lM™ENSITIONAL EL EMENTS
IF ININT2D.E0.0) GO TO acC
INPUY 2-D ELEMERTS Wl TH TRTERMNAL HEAT GENERATION - B8 ELEMENYS/CARD

T1=ATATID41
12=NINT ID4NINT 20
READ (NIN,T70) CTELCTY,IMATEE) 1=11,12)Y

FIND VOLUME OF FLEMONTS AND OULTPLY DATA

DO 30 N=tt,12

I =1eL(N)
TARG=zZANLLIDa*IE -3
I11zLM{TARG)
JU=LM{TARGH])
KKzt M TARG+ 2)
LL=LMIIARG+3)
AJaxt Sy -%xCT1)
AKX (KK )=-XCT1)
PI=vYlUIY-YiItY
IKzYERKI-Y(1()

ALF Az LAJNPKR-AKER S )/ Dy
AJ=X{KK)~-XCTL}
AK=X(LL)I=X(FT}
NI=V(EK}-Y{IT}
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fIRF3-T3
FIrLS~-Ta
FIRES-T3
FIRES~-TD
FINES-T3
FIRFS-T3
FIRES-T3
FIRES-T3
FIFPFES-T3
FIFES~T3
FIRES-T3
FIRES-T3
+IPES-T]
FIRES-T3
FIRFS-T3
FIRES-T3
FIFES~-T3
FIPES-T]
FINES-T3
FIRFS-T3
FIRES-T3
FIRES-T]
FIRES-T3
FIRES-T]
FIFFS§S-T3
FIPES-T2
FIPFS-T3
FIRES-T2
FIRES~T3
FIRES-T3
FIRES~-T3
FIRES-T3
FIRES-T3
FIFES-T3
FIRPFS-T3
FIRES~-T3
FIRES~T3
FIRES~T3
FIRES-T3
FIPFS-T3
FIRES-T2

FIRES~T]
FIRES-T3
FIPES-T3
FIRFS-T3
FIRES-T2
FIRES-T3
FIRES-T3
FIRES-T2
FIRFS-T3
FIRFS-T2
FIinrs-v1
P S~-113
FIPES=-T 2
FIPFS-T3
FIRES-T2
FIRF5-T3

2590
2591

£592
2593
7594
2595
2596
2597
2599
2699
2620
2601

€02
2603
26CH
2605
2606
2607
2608
2609
2610
2611
2617
26113
2614
JE€LS
2616
617
Z618
2619
2620
2621
2622
25623
2624
2625
2626
2627
2628
2629
7E€3C

2631
2632
2621
2634
2618
2036
2637
2678
N6 39
26480
2041
2642
643
2644
2ua%
0646

[alalaY

[aWa¥al

[aNalial

"o

nO AN

NAANAAAN

~ o~y

Br=v(LL)-YLII}
AREA=AREA4(AJAAK-AKT DI /2.
30 VEL(M)zAFREA*YHICKITF)
WIIITE (NOUT,100) NINTZ2D
wWRIYE (NCUY,90) (R TELCTANINTID) o EMATOISNTHTLD) W VEL( L4NINTID) 1 =1,
ININTZD)

THEREE-DTITNVMENS I OGNAL ELEMGENTS
40 IF (MNIRTAL.EQ.0)} GO TO 60
INPUT 3-D CLEMENTS WITH INTERMAL MHEAY GENFRATION - 8 ELEMENTS/CAKD

L1=NINTID4NINY 2D+ 1
I12=NINT
RCAD INTN,70) CIELCY) JIMAT(T ) I=11,12)

FIAD VOCLUNME OF ELEMENTS AND QUTPUT DATA

DC 50 h=11,12
IESTELIN)
£0 VEL(N)=VOLUMEL 1E )
N1 =NTATIOD+NINT 20
WITETE (NOUT110) NINTID
WRITE (NQUT,90) (I, TELCT4NT Do IMATOUI4NL D) (121 ,NINTZD)

€C RETUFA

70 FCRVMATY (A(215))

€0 FORMAT (///9X,1€6M. « o THEFRE APE ,14,28H 1-0 EXCTHEAMIC ELEMENTS .
1 «//2(20K N EL  FUN VUL UME })

SO FORMAT (2(110,215,F10.4))

100 FOPMAT (/779X 1€H. o o THERF ARF ,14,28H 2-D EXCTHERMIC ELENENTS

1 /7721301 N EL TunN © VOLUME} )

110 FORMAT (//7/9%,1€H. o » THERFE ARE ,14,28H 3-C EXCYFERMIC ELENMFATS
1 «/7/72130KH N EL  FUN VOLUME ) )
END

SUARCUTINE EXOFUN (IF XD EXYSNSTCRF)

SUNPOUT THF *EANF UNY TNPUTS THE FXOTHERMIC HEAY GENERATION (URVE
AS A LTRUARIZFO FUNCTICN CF T IMF

CUMMON ZCONTROLZ TTITLELSY o 1731 ABCARO ) s NIN, NOUT o REURNCh, NUMNE  NEL 1D, N
FEL20NFL 3D  NUMEL y MOANI g NMAT (NFHIC 1D o NFHBC20 ,NEFHEC 30 o MBCNAT JNRBCTY P
COMVCN ZFXUTHZ MEATIDGNTIRTZDGMTNTID N INT NG INT

DIMERNSION 1L XO01) e FXYSO1Y

NATORE =1

AQUTPUT OAGT HPADTING

YRITF (NOUT,a)

C-43




FIPES-T3 2647 ) WRITE (NOUT,50)

FIRES-T3 Z64P YRITE (NCUYT 60} ITITLE

FIFFES-T3 2549 WRITE (NOQUY,7C) NQINT

rirEs-T3 2650 WRITE (NCUT,50)

FIRES-T3 268] C '

FIPES-T3 2652 DO 30 N=1,NQINT

FIFES-T3 2€51 C

FIRES~T3 2654A < RCAD CONTROL CARD

FIRES-13 2¢55 C

FIRCS-T3 26%6 C NETORE = IEXC{1) — STYARYING FCIAT FOR FURCTIULN N IN EXYS
FIRPES-TY3 20657 C MK = TEXO(2) ~ NUMBER DFF PCINTS TN INPUT HCATING CURVE
FIRK5-T3 268 C M1 = FEXO{3) -~ YYPE CF INFUT FEATING DATA

FIPES-¥T3 2659 C EDs 0 - HEAT RATE PEf UNIT VCLUNE
riPEs-711 2660 C EQe 1 - HEAT RATE PER UNIT MASS

FIRES-T3 26¢1 C

FIPES-T3 2662 WRITE (NCUT,110) N

FIRES-T2 2€¢3 READ (NIN,1203 MK, VT

FIRES-T3 2664 MS=(N-1)%3

FIRES-T3 26€5 IEXCI(MS ¢ )=NSTORE

FIPES~T2 26€6 TIEXQUMES 2) = MK

FIFES-T] 2667 TEXO{MS+3)=MY

FIRES~T2 Z6EP Lo

FIRES~TI 2669 C INPUT HEATING FURCTION

FIFES~T3 2670 C

FIRES-T3 2671 NI=0ACTORE-T

FIRES~T3 2672 REAC (NIN130) (FXYSINI+I) FXYSINIENXAT ) I=1,MK)

FIRPES-T2 2672 M=MK-~{

FIRES-T2 267A <

FIFES-TX 2675 C DETERNMINE SLOPES AND PRINT FEATING FUNCTION

FIRES~Y3 2676 C

FIPES-T3 2677 DO 1C I=1,M

FIRES~T) 267¢€ N =AESTCRE+T-]

FIFFES-T3 2679 10 EXYSINI4MKAMKI=(EXYSINLI4MKS L) —EXVYSENL4MKIIZLUKYSENLELD-EXYSINLDY
FIRFS-13 2680 WRITE (NCUT,B01Y

FYRES-T3 2681 DC 2C 1= M

FIRES-T3 2682 NISNSTORES1-1

FIRES~T3 26P13 WRITE (NCUY 490} ToEXYSINI)EXYS(NTL4MK)

FIRES-TY 26F4 20 WRITE (NDUT,100) EXYSINI$VKENK)

FIRES-T13 2685 WRITE (ANGUT 390) MK EXYSINSTORF ¢MK=1 3 EXYSINSTURE + VKEMK=])
FIRES-¥3 2686 NSTCRE =NSTORE # 3¢ MK

FIRES~-T3 2687 20 CONTINUF

FIRPES~-TI 2&E8 RETURNM

FIRES-T3 Z6P9 [«

FIPES-13 2640 C

FIFES~T3 2691 [

FIKES~T3 2692 C

FIPFS~-T3 26%7 40 FCRNAT {1hHe,S5L/7))

FIRES~T3 2694 EC FORMAT (EIH Hxbdht kb phkbhXd Ar ke kg Nk~ R Ay kAt ekhd bt dd v
FIRES~-T3 2695 fedkitd)

FIRES~-T? ZESE 60 FORNAT [/5XSOHFIRES~T3 - FIRE FESPAONSE QF STYRUCTURES - THERMAL 4/
FIRES-T3 2697 E/1X,€A10) '

FIPES-T3 2669 70 FORMAY (/SX AGHINTERNAL FEAT CENERATION [INFORMATION //S5%, GHINETE A
FIRES-T3 2699 19E 18, 25H DIFFEFENT HEAYT FUNCTIONS/)

FIPES~-TY 2700 : A0 FURNMAT (/5X, 19HNODE YINME g EXySH MHEAT g TX ,EHNSLCPF 4 /)
FIPES-T2 2701} GC FORPAT 116,F13.1,6X,GE1a3)

FIPES-T) 2702 100 FURMAT (39x,G11e3)

FIPES-T3 27C2 110 FORMAY (/7774260 "4 u o o FUNCTION NUMIDFR 4 14,GH o o o o7/)
FIEFS=-T3 2704 120 FOPWMAT (215)

FINFS-T3 27C5 130 FURNAT (AELD.0)

TFIRER-T2 2706 [N
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FIRES-T3 2707 SURRCUTINE OEXO (LMyTEL sIMAT  TEXCEXYS AT (MATL gVt L yPMTYFE 4Dy KYS, T
FIRES-T3 27C8 1 ¥E)

FIRES-TI 27C9 C

FIPES-T3 2710 C

FINRES-T2 2711 C SUBRCUTINE RCEXC* COMFUTES AOCAL HEAY FLOW DUE TOD EXOTHEKRMIC
FIRES-TY3 2712 < REACTION WITHIMN ELEMENTS

FIRES-T3 2713 C

FIRES-T3 £714 C

FIRES~-T3 2715 COMMCN ZCONTROL/Z ITITLE(GYIREADTHO) ¢NINGNNUT (KNPUNCH NUMNFE W ACLID N
FIRES-T3 716 1EL2D ¢y REL3D ¢ NUMEL y MOAND  AMAT , NFRC 1 De NFRC2C o NFHC JD yNBCMAT (NBCTYP
FIRES-T3 2717 COMMON /FE XOTH/ NINYID  NINT2D NINTIO ¢NINT  NGINT

FIRES-T3 2718 DIMENSION LMIL), TELLL), IMAT(I1}, LEXO(1), EXY¥YS(1), ATL1), MATLL])
FIRCS~-TI 2719 1y VELUL1), MMTIYPELLD, B{1}, X¥YS(1]}

FIRES~-TA 2720 C

FIRES-T3 272t C ONE -D1 MENS T GCNAL ELEMENTS

fIFVES-T3 2722 C

FIRES-T3 2723 IF (MNIRTID.EQ,L,O0) GO TO 30

¥ IRES-Y3 2724 DC 2C N=1,NINTID

FIRES-T3 2725 TE=TEL(N) _

FIRES-T2 272€ TI=tNM{2%VE-LD

FIPES-T3 2727 JI=LNVM(22]E)

FIPES~-T3 2728 NS=IMAT(DN)

FIRES~-T3 2729 MS=J% [ MS~1}

FIRES~-T3 2730 J=1EXQIMS+1)

FIRES~-T3 2721 K=z1EXQUMS22)

FIPES-Y3 2722 LYYPE =IF XDI{MS+ 3}

FIPES~T3 2713 QVNAT (K EXYSTI) o EXYSLI4K I ZEXYSC UK 4K )y TIME  1OHHEAY FUNCT)
FIRES-T3 2734 IF (LTYPEL.EGQ.0) GO 7O 10

FIRES~T3 2735 TEMP=AT(IE)

FIRF S~-¥3 2736 FS=MFIYFELLE)

FIRES-T3 272137 MS=(MS-1)*6

FIRES~-T2 27138 JE=MATL (¥545)

FIRES-T3 2739 K=MATLI{VS+E)

FIRPES=-T3 2740 DENS=VMATIK p XYSU S o XYSEI4K) ¢ XYSLIEKK]} ,TENE | O DENS)
FIRFE.S-T2 2741 Q=Q*DENS

FIRES-T2 2742 1C CADD=Q*VEL(N)} /2.

FIRCS~T3 2743 BLII)=€ (L) +0ACE

FIRES-T] 2744 20 BLJI) zBLII)+0QAOD

FIRES~T3 2745 C

FIRES-Y3 2746 C YTWC-~-C!I FMENSITCNAL EL EMENTS

FIRFEFS-Y3 747 C

FIRES-T13 2748 30 IF (NINT2C.FQWD) GO YO 60

FIRCS~-T3 2749 TI=NTRTLIO+!

FIRES-TY 2750 12=NINTIDNINTID

FIRES-T] F7S1% DC 50 N=11,412

FIRFS~-T3 2752 IE=TFLIN)

FIRFS-T3 2751 NLzZ23KFLID+4%]F

FIRFS-TA z7%4 1T1=LM{MNL-D)

FIRFS-T3 2755 JIZLM(NL-2)

FIRF S~T3 2756 KK={ N{NL~1)

FIR[S~-Y3 2757 LL=LMIND)

FIRES~-T3 2758 MS=[MAT(N) -
rIPES-73 759 MS =3t (NS-1)

FIPFS-T3 2760 JTIFEXOIMS+ L)

FERCS-Y3 2761 KzIEXOQINMS 2}

FTIRLS~T3 2767 LTYPE=TEXRDIME 1)

FIPFS-TY 2761 O-VMATEK G EXYST D eFXYS (IR G FXYSOIEKAK )y TIME 1 OHHUAT £ UNCT)
FIPFS-T2 2764 1IF (LIYPL.ECN) GO YO 40

FIRFS=-T3 2705 TEMP-AT(NOL IOSTE)

FINES-YY PT7EO NGEMNTYRE (CNELIDA T )

FINES-T 2767 Mez(ME-] )AL

FIEES=T1 D764 JIMATL (M543

C-45



FIRES~T2
FIRES-T]
FIPES~T3
FIRES-T2
FIRES-TY
FIRES-T3
FIRES-T3
FIRES~-T]
FIRPFS-T3
FIRES-T3
FIRES-T3
FIRES-T]
FIRES-T3
FIRES-T2
FIPES-T3
FIRES-T3
FIRES-T2
FIRES-T3
FIRES-T2
FIRES~-T3
FIRES~T3
FIRES-T3
FIRFES-T3
FIPES-TI
FIRES-T3
FIRES-T)
FIRES-T3
FIRES-Y3
FIRES-T3
FIRES~-Y3
FIRES-T3
FIRES-T3
FIRF5-T3
FIRES-T3
FIRES-T3
FIRES~T3
FIRES~-T]
FIRES-T3
FIRES~-T3
FIRFS~T3
FINFS-T3
FIRES-T]
FIRES~-T3
FIRES~T3
FIRES-T]
FIRES~T3
FIRES~-T]
FIRES-Y]
FIRE S-T2
FIRES-T3
FINRFES~-Y]3

2769
2770
2771

zr72
27Ty
2774
2T7S
2178
211?
2778
2779
2780
2781

782
2783
278a
2785
2786
Z7€7
2788
2789
2790
2791

2762
2793
2794
279s
2796
2797
2798
27%9
2800
2R01

2802
2803
2804
2805
2806
zeev
2808
2809
2810
2811
2812
2813
2814
2815
2816
ze17
za1s
2819

[a a2l

a0

50

€0

10

1+]

S0

K=MATLI(NMSHGY

DENS=VMATIK ¢XYSTJ) yXYSLIEK) o XYSTIHK4KD TEME L OF DENS)
O=C*DENS

QGADD=CHVEL(IN) /4,

BL1E)=8(HI)I0ADD

Bl{JJI)=BLII}+QADD

AI(KK)zA{KK) +QADD

BILL)=BILL}+QADD

THREE-DIMENST1TIONAL ELEFFLNTS

CIF ININT3D.EQ.O0) GO TO 90

IE=NINTIOSNINT 2D+
[2=NINT

DO eC N=E1,12

IE=TEL(N)

NI=2*NEL ID+AXNEL 2D+ 0% LE
1I=LMINL~-T7)

JIZLNMCNL~6)

KK =LMINL-5)

LLELM(NL &)

I1T =LM(N1-3)
JII=LMINL-2)
KKK=LW{NL=1)

LLL=LMINT)

F¥S=IRATINY

MS=(MS~1}%3
J=TEXD(MS+1)
K2TEXC{N542)
LTYPE =[E XO(MS+ 3)

O=VHMAT (KyEXYSTIILEXYSTIM PoEXYS{IHRIK) W TIME , 10HNEAT FUNCTY
IF (L1YPE.EQ. 0! GO TO 70
TEMP= AT (NEL 1D4NEL 2D+1E)
NE=NNTYPE(RELIDSNEL2D¢IED
MS=lM5-1) %0

K=WATL {FS46)

JaMATLIMESS)

DENS=VMAT K s XYSEI) g XYSUJI4K) ¢ XVYS{ J+KEK) yTENF , 1 OH CENS)
C=Q¥CENS

QGADD=C*VEL(N} /8,

BUITI)=B(I1)+0QALCC

atJid =8l JJ) +QADD

PIKK)I=BIKK}+0ADD

RILL) =BILL)+CACD

BUIIT)=BLLIL)+QADD

R{JJ3I=RLIIIIVII0ADD

BIKKK) =A(KKK}+LADD

HlLLL 1=RILLL ) #0ADRD

RE TLRN
END
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